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On    the  Electric    Column    and  Serial    Electroscope.     By  J.  A. 

De  Luc,  Esq.,  F.  R.S. 

(Continued  from  page  464,  vol.  viii). 

ARTICLE    I. 

The  principal  result  of  my  paper  on  the  Analysis  of  the  Galvanic 
Pile,  has  been  to  show  that  by  this  instrument,  in  which  Sig.  Volta 
has  so  much  extended  Sig.  Galvani's  first  discovery  of  some  phy- 
siological effects  produced  by  two  associated  metals,  we  have  been 
really  enabled  to  determine  whence  proceeded  that  action  upon  the 
aninial  economy.     When  these  effects  were  discovered  by  Sig.  Gal- 
vani,  appearing  similar  to  the  shock  produced  by  the  Leyden  vial, 
they  pointed  out  some  action  of  the  electric  fluid  ;  but  when  this 
fluid  acts  thus  upon  our  organs,  it  is  also  manifested  by  electric 
motions  and  by  sparks  ;  whereas  not  even  the  flrst  of  these  signs 
appeared  in  the  galvanic  experiments.     Therefore  the  action  of  the 
electric  fluid  in  these  first  phenomena  might  for  ever  have  remained 
doubtful,  had  not  Sig.  Volta,  by  the  invention  of  his  admirable  pile, 
increased  that  action,  so  as  not  only  to  be  attended  with  electric 
motions  and  sparks,  but  to  produce  some  chemical  efiects  known 
before  to  belong  to  the  electric  fluid. 

But  there  remained  a  great  question.  These  diflerent  efiects 
had  before  been  produced  by  the  electric  fluid  only  when  it  was 
arrived  at  a  great  density ;  while  the  pile  produces  the  same  effects 
with  so  small  a  quantity  of  the  fluid,  as  to  be  often  hardly  sufficient 
to  move  the  gold  leaf  electroscope.  This  has  been  the  object  of  the 
experiments  contained  in  my  first  paper,  which  have  manifested 
two  distinct  effects  in  the  pile :  1.  A  motion  of  the  electric  fiuid 
produced  by  the  association  of  two  proper  metals,  independent  of 
any  other  effect :  2.  A  modification  of  this  small  quantity  of  elec- 
tric fluid,  on  pervading  the  pile  during  the  calcination  of  some  of 
Ann.  ofElec.  Vol.  IX.  No.  49,  July,  1842. 
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its  metals/  A  distinction  first  shown  by  different  dissections  of  the 
pile,  and  afterwards  directly  proved,  by  producing  an  instrument, 
which  retains  the  electric  effects  of  the  pile  by  the  association  of 
two  metals,  without  either  its  chemical  effects,  or  the  shock. 

This  new  instrument  was  to  be  distinguished  from  the  galvantc 
(or  voltaic)  pile ;  therefore,  in  my  second  paper  delivered  to  the 
Royal  Society  on  this  subject,  I  named  it  electric  column,  as  being 
a  spontaneous  and  permanent  electric  machine ;  and  it  manifested 
also,  by  changes  in  its  electroscopes,  some  variable  influence  of  the 
electric  state  of  the  air,  this  new  effect  was  to  be  expressed  by  an 
additional  name.  It  is  different  from  the  indications  of  our  fiwmer 
atmospheric  electroscopes,  such  as  elevated  conductors  and  kites, 
which  inform  us  only  of  the  comparative  states  of  the  stratum  of  air 
that  they  attain,  and  of  the  air  at  the  place  of  observation ; 
without  any  indication  of  the  changes  in  the  latter,  probably  con- 
nected with  some  phenomena  which  we  observe,  without  knowing 
their  cause ;  and  as  the  electric  column  seemed  to  promise  a  method 
of  discovering  these  changes,  I  named  it  also  aerial  electroscope. 

Such  had  been  the  principal  object  of  my  second  paper  presented 
to  the  Royal  Society ;.  it  was  only  in  its  nascent  state ;  but  as  I 
thought  it  worthy  to  be  taken  up  and  followed  by  other  experimental 
philosophers,  I  would  not  postpone  communicating  it  to  the  public 
till  it^  was  more  advanced ;  it  has  not  been  published  in  the  Phil. 
Trans,  f  and  as  I  have  since  carried  it  further,  I  shall  here  treat  it  in 
a  different  manner,  dividing  it  into  three  parts ;  the  first  will  relate 
to  the  electric  column,  considered  only  as  the  electric  efficiency  in 
the  pile,  divested  of  either  chemical  or  physiological  effects.  The 
second  will  explain  the  difficulties  which  I  have  encountered  in 
attempting  to  bring  the  Instrument  to  its  desirable  function  as  an  aerial 
electroscope,,  and  the  point  which  I  have  attained  in  this  new  kind 
of  meteorological  observations.  And  in  the  third,  I  shall  offer  to 
the  attention  of  the  natural  philosopher,  some  meteorological  obser- 
vations, which  show  the  importance,  in  every  branch  of  experimental 
philosophy,  and  especially  in  chemical  theories,  of  forwarding  the 
observation  of  atmospheric  phenomena. 

Part  I. 

On  the  Electric  Column, 

I  have  explained  in  the  first  paper,  my  hypothesis  concerning  the 
cause  of  a  motion  of  the  electric  fiuid,  produced  by  the^properties 
of  two  associated  metals ;  and  as  all  the  circumstances  attending 
this  motion  are  characteristic  of  its  cause,  this  connexion  will  be  here 
my  principal  object. 

I  shall  begin  by  some  experiments  previously  mentioned,  in 
which  brass  tripods  were  placed  between  the  two  metals,  and 
these  groups  separated  by  pieces  of  wet  cloth.  In  this  first 
dissection   of  the   pile,   both   electric   and  chemical  effects  were 
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produced,  the  latter  on  account  of  the  water  contained  in  the 
cloth ;  and  I  wanted  to  know  what  would  be  the  consequence,  in 
the  same  arrangement,  with  respect  to  the  electric  effects  of  sup- 
pressing the  chemical  ones,  by  a  dry  intermediary  substance.  For 
this  purpose  1  substituted  for  the  silver  plates  and  the  wet  cloth  of 
the  former  experiment,  pieces  of  Dutch  gilt  paper,  placing  the  brass 
tripods  between  the  zinc  plates  and  the  copper  side  of  the  papers  ; 
and  after  having  found,  diat  forty  such  groups  could  be  contained 
in  each  column  of  the  frame  described  in  that  paper,  forming  in  the 
whole  eighty  groups,  I  made  the  foUowing  experiments. 

Experiment  1.  In  order  to  judge  what  would  be  the  effect  of 
interposing  the  brass  tripods  between  the  metals,  I  first  mounted 
the  eighty  groups  without  them,  and  observed  the  degree  of  diver- 
gence of  the  gold  leaves  at  both  extremities.  Dry  paper  not  being 
so  good  a  conductor  as  wet  cloth,  the  electric  effects  were  not  so 
great  a»  they  wofdd  have  been  with  the  latter ;  but  they  were 
sufficient  for  my  purpose.  I  kept  this  apparatus  for  some  days, 
observing  the  divergences  in  different  parts  of  the  day,  and  the 
greatest,  which  happened  to  be  at  the  zinc  side,  was  of  0*3  of  an 
inch. 

Exp,  2.  I  then  placed  the  brass  tripods  between  each  zinc  plate 
and  the  copper  side  of  the  papers,  the  paper  side  of  which  separated 
the  binary  groups  of  metals,  as  did  the  wet  cloth  in  the  former 
experiment :  the  electric  effects  remained  the  same  as  they  were  in 
Exp.  1,  without  the  tripods. 

It  came  then  intamy  mind,  that  the  tripods,  being  of  brass,  might 
alone  produce  some  effect,  with  only  plain  paper  to  separate  these 
ji^oaps  of  zinc  and  brass ;  but  the  latter  having  but  a  small  mass, 
^  tmaDBissioo  of  electric  fluid  along  the  column  could  not  but  be 
slower ;  and  this  was  the  very  reason  which  determined  me  to  the 
trial,  as  an  experiment  that  would  also  relate  to  the  cause  which 
lenders  the  column  an  aerial  electroscope  :  this  cause  h  the  action 
of  the  ambient  air,  the  immediate  effects  of  which  are,  to  lessen  the 
positive  state  of  one  of  the  extremities,  and  the  negative  state  of  the 
other,  according  to  its  own  electric  state  ;  and  more  slowness  in  the 
motion  of  the  fluid  giving  more  time  to  this  action  of  the  ambient 
air  for  diminishing  the  electric  indications  at  the  extremities  of  the 
column,  these  symptoms  were  to  be  smaller.  This  therefore  in- 
duced me  to  make  the  following  experiment. 

Exp,  3.  I  mounted  the  column  with  eighty  groups  composed  of 
zinc  plates  with  only  the  brass  tripods,  separating  them  with  pieces  of 
writing  paper,  and  I  kept  also  this  column  for  some  days,  observing 
the  electroscopes  at  its  extremities :  they  had  the  same  variations 
which  I  had  before  observed,  but  very  small,  and  the  greatest  diver- 
gence, which,  as  it  is  commonly,  was  in  the  middle  of  the  day,  did 
not  exceed  0*1  of  an  inch. 

1  now  come  to  that  slowness  mentioned  above  in  the  motion  of 
the  electric  fluid  produced  by  the  property  of  the  column,  which 
a2 
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being  attributed  to  a  fluid  known  to  possess,  in  the  proper  sense, 
the  swiftness  of  lightning,  must  appear  a  paradox.  Rapidity  of 
motion  certainly  belongs  to  the  electric  fluid,  when  darting  in  a 
torrent ;  but  the  electric  matter,  of  which  it  is  composed,  has  a 
tendency  to  adhere  to  all  bodies,  air  included ;  and  it  is  this  very 
property,  as  explained  by  Sig.  Volta,  which  occasions  the  electric 
motions,  when  ihe  fluid,  tending  to  move  by  a  rupture  of  its  equili- 
brium, is  more  reluctant  to  be  separated  from  the  body  which 
possesses  it,  than  the  latter  to  follow  the  fluid  in  its  motion. 

The  effect  of  this  tendency  of  the  electric  fluid  towards  bodies,  in 
retarding  its  motion  within  the  column,  is  analagous  to  an  effect 
observed  in  water.  When  water  is  kept  in  motion  in  a  channel  by 
a  constant  supply,  it  is  seen  to  take  its  course  in  the  middle,  leaving 
behind  the  particles  retarded  by  their  tendency  towards  the  sides, 
which  is  decreasing  as  the  distance  increases.  But  the  analogy  is 
more  direct,  when  water  is  confined  in  a  pond,  beset  with  aquatic 
plants  or  other  impediments ;  for  the  motions  impressed  on  that 
water  at  one  side  of  the  pond,  though  continued,  if  small,  are  but 
slowly  and  seldom  completely  communicated  through  the.  whole 
space.  The  case  is  the  same  with  respect  to  the  electric  fluid  set  in 
motion  by  the  property  of  the  column,  not  only  when  confined  within 
it,  but  when  a  current  is  produced  ;  which  effect  will  be  shown  by 
some  experiments,  after  I  shall  have  explained  some  parts  of  the 
figure  annexed  to  this  paper.     See  Plate  I.* 

The  dimensions  of  tiiis  figure  are  half  those  of  the  original :  it 
consists  of  many  parts  which  I  shall  successively  describe,  beginning 
by  those  which  relate  to  my  present  object ;  its  fundamental  parts 
are  an  electric  column,  with  its  electroscopes.  The  former  if  re- 
presented at  A,  B,  supported  horizontally  on  two  pillars  1,  1,  con- 
sisting of  solid  glass  rods,  covered  with  sealing  wax,  or  with  some 
other  insulating  varnish,  and  fastened  on  the  wooden  base  2,  2,  by 
female  screws  underneath.  The  column  itself  is  composed  of  600 
groups,  formed  of  zinc  plates  0*7  inch  diameter,  and  equal  pieces  of 
plain  Dutch  gilt  paper  ;  the  copper  side  of  which  being  turned  to- 
wards A,  this  is  the  positive  extremity  of  the  column  ;  and  as  also, 
in  every  group,  the  paper  itself  serves  only  to  separate  the  binary 
groups  of  zinc  and  copper,  the  latter  being  in  each  of  them  on  the 
side  of  B,  this  is  the  negative  extremity.  The  groups  are  contained 
between  three  glass  rods,  covered  with  sealing  wax  melted  over  them 
while  hot,  and  fixed  in  holes  of  the  brass  plates  A,  B,  where  they 
have  been  introduced  while  the  plates  were  hot,  and  the  holes  filled 
with  sealing  wax.  These  brass  plates  have  in  their  lower  part  a 
pin,  which  enters  freely  into  the  brass  cap  at  the  top  of  the  pillars 
1,1.  At  the  extremities  of  the  column  are  screws  3,  8,  formed  on 
the  outside  in  the  shape  of  loops ;  they  serve  first,  to  press  the 
groups  between  the  glass  rods ;  and  besides  to  produce,  by  brass 
wires  hooked  in  their  loops,  the  communication  of  each  extremity 
with  the  nearest  electroscope,  as  represented  in  the  figure. 
*  Plate  I  coold  not  be  got  ready  in  time  to  appear  with  this  nnmber.— Edit. 
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In  general  this  column  produces  too  great  effects  for  the  experi- 
ments which  I  have  here  in  view,  as  the  gold  leaves  strike  the  sides 
of  the  electroscopes ;  while  there  should  be  merely  a  simple  diver- 
gence :  therefore,  either  a  smaller  column  must  be  used,  or  the  time 
must  be  chosen  when  the  600  groups  produce  only  this  effect. 

Exp.  4.  Having  observed  the  actual  quantity  of  divergence  in 
both  electroscopes,  when  I  lay  my  finger  on  the  top  of  either  of 
them,  in  order  to  produce  the  communication  of  its  extremity  of  the 
column  with  the  ground,  the  divergence  ceases  in  it,  and  becomes 
nearly  double  in  ^e  other.  Then  taking  off  my  finger,  and  thus 
abandoning  the  column  to  its  own  operation,  the  divergences  are 
not  immediately  restored  to  their  former  quantity ;  it  requires  some 
time  to  produce  them  again,  even  half  an  hour  or  an  hour. 

This  shows  a  reluctance  in  the  parts  once  possessed  of  the  electric 
fluid,  to  obey  the  cause  which  requires  more  of  it  on  zinc  than  on 
copper,  in  order  to  establish  the  equilibrium  between  them.  But 
this  concerns  only  the  quantity  of  electric  fluid,  which  the  colunm 
possesses  in  common  with  the  surrounding  bodies  and  the  ambient 
air ;  for  at  the  same  time  that  this  quantity  delays  to  obey  the  law 
of  the  colimm,  if  an  insulated  body,  either  positive  or  negative,  but 
in  a  degree  which  can  merely  affect  the  gold  leaf  electroscope,  be 
applied  to  one  extremity,  the  effect  is  instantly  perceived  at  the 
other.  This  again  is  the  same  as  if  a  stream  of  water  were  intro- 
duced at  one  side  of  the  pond  of  the  above  example,  and  an  opening 
made  at  the  opposite  side  ;  for  a  current  would  be  directly  produced 
through  the  pond. 

Exp,  5.  After  having  disturbed  the  state  of  the  divergences  at 
the  extremities  of  the  column,  by  placing  a  finger  on  one  of  them, 
the  mode  of  reproducing  speedily  the  former  state  is,  to  lay  the 
fingers  on  both  extremities  together,  and  remove  them  at  the  same 
instant :  if  this  last  condition  be  really  obtained  (which  is  not  easy) 
the  original  divergences  are  restored. 

These  experiments  cannot  leave  any  doubt,  that  the  phenomena 
of  the  column,  as  well  as  the  electric  part  of  those  of  the  pile,  are 
produced  by  a  fluid  set  in  motion. 

Exp.  6.  In  the  same  case  as  that  of  the  above  experiments, 
namely,  when  the  divergences  are  not  too  great,  if  one  side  of  the 
column  be  placed  in  communication  with  the  ground,  the  effects  of 
the  contact  on  the  other  side  are  so  similar  to  tiiose  produced  in  the 
same  nianner  on  the  leaves  of  the  mimosa  sensitiva,  that  this  con- 
formity of  effects  seems  to  indicate  some  analogy  between  the 
causes :  both  contacts  make  the  leaves  fall ;  they  rise  again,  but  it 
requires  some  time.  There  is  an  objection  against  the  idea  that  the 
phenomenon  of  the  plant  is  electric ;  because  in  the  column  the 
same  effect  is  produced,  at  one  side  by  imparting,  and  at  the  other 
by  taking  off,  some  electric  fluid.  This  objection  however  is  not 
absolute,  for  we  do  not  know  all  the  actions  of  organic  bodies  on  the 
electric  fluid ;  but  if  it  is  not  this,  it  must  be  some  other  fluid, 
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which  is  acted  upon  )>y  the  contact  of  the  plant.  In  general,  we  are 
very  little  advanced  in  the  knowledge  of  the  subtile  agents  operating 
in  terrestrial  phenomena ;  and  as  we  cannot  make  any  real  progress 
in  this  knowledge  but  by  endeavouring  to  increase,  by  observation 
and  experiments,  the  number  of  the  phenomena  which  have  analogies 
with  each  other  in  some  respect,  it  might  be  useful  to  follow  an  at- 
tentive comparison  at  different  times  and  in  different  arrangements 
of  circumstances,  between  the  effects  of  contact  on  the  gold  leaves 
of  the  column,  and  on  Ihe  leaves  of  the  mimosa  setuativat  and  even 
contact  with  different  bodies. 

I  come  to  greater  symptoms  of  the  motion  of  the  electric  fluid 
in  the  column,  beginning  by  experiments,  which  will  prove  what,  in 
the  former  paper,  I  have  concluded,  from  my  theory,  namely,  that 
by  the  cause  assigned  to  this  motion,  the  negative  effect  goes  on 
increasing  from  the  zinc  to  the  copper  extremity  of  the  column,  at 
the  same  time  that  the  positive  effect  increases  fiom  the  latter  to 
the  former  ;  and  that  the  electric  state  of  each  point  of  the  insulated 
column  is  the  sum  of  the  correspondent  terms  of  two  inverse  series 
of  progress  represented  by  determined,  though  in  some  respects 
variable,  numbers,  in  a  table  given  in  that  paper. 

For  Uiese  experiments  a  third  electroscope  is  used :  in  the  figure 
it  is  seen  connected  with  the  middle  point  C  of  the  column,  wherp 
is  a  thick  brass  plate  with  a  projecting  loop,  4.  This  immediate 
connexion  of  the  electroscope  with  the  middle  point  of  the  column 
serves  for  some  experiments ;  but  every  other  point  of  the  column 
may  be  made  to  communicate  with  it,  by  the  interposition  of  a  soft 
wire  held  in  the  middle  by  an  insulating  handle.  When  this  is  used, 
the  communication  of  the  electroscope  with  the  middle  point  is  taken 
off;  and,  by  bending  the  wire,  it  is  easily  made  to  connect,  as 
conductor,  the  necessary  parts  of  the  column  with  this  electroscope. 

Exp,  7.  At  a  time  when  there  are  simple  divergences  in  the 
electroscopes  ^t  the  jextremities  of  the  column,  if  they  be  equal, 
positive  at  A,  and  negative  at  B,  there  is  no  divergence  in  the 
electroscope  at  C ;  this  is  neutral,  which  is  the  case  expressed  in 
Table  I,  of  the  foriper  paper  ;*  and  if  at  this  time  any  point  of  the 
column,  at  a  distance  from  the  point  C,  on  the  negative  or  positive 
side,  proportional  to  one  of  the  terms  of  the  table,  be  tried  with  the 
insulated  conductor,  the  4ivergence  which  it  produces  will  be  found, 
as  exactly  as  can  be  expected  in  such  experiments,  correspondent  to 
the  number  ei|;j>re8sed  in  the  table,  witli  its  sign. 

Exp.  8,  In  this  situation  of  the  column  the  states  expressed  in 
Table  II,  and  Talkie  III,f  may  be  also  observed  by  placing  alternately 
its  extremities  in  communiciation  with  the  ground  ;  but  by  a  wire, 
because  (he  metallic  chains,  commonly  used  for  this  purpose,  do  not 
transmit  completely  such  smaH  qqantities  of  electric  fluid,  probably 
on  account  of  some  dust  getting  between  the  links.  The  following 
are  the  two  cases  of  this  experiment. 

1 .  When  the  communication  with  the  ground  is  made  at*  B,  the 

•  Volume  viit,  p.  449.  f  Ibid. 
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electroscope  at  the  middle  point  C  diverges  positively,  in  the  same 
degree  as  did  before  the  electroscope  at  A ;  and  the  divergence  of 
the  latter  is  now  nearly  double.  I  say  nearly,  because  equal  in- 
creases in  the  electric  state  produce  smaller  increases  in  the  angular 
motion  of  the  gold  leaves  in  proportion  as  the  angle  increases.  By 
using  then  the  small  insulated  conductor,  it  is  found,  that  the  whole 
eolumn,  (except  the  very  extremi^  B,  which,  communicating  with 
the  ground,  is  neutral)  is  in  a  positive  state,  increasing  towards  A  : 
whidi  is  expressed  in  Table  II. 

2.  When  the  conununication  with  the  ground  is  made  at  A,  the 
electric  states  of  the  column  are  all  reversed.  The  electroscope  at 
the  middle  point  €  has  now  a  negative  divergence,  equal  to  that  of 
the  electroseope  at  B  in  the  insulated  state  of  the  column ;  and  the 
divergence  at  B  is  nearly  double.  Then,  by  observing  the  state  of 
the  other  parts  of  the  column  with  the  insulated  conductor,  the  ne- 
gative state  is  found  increasing  toward  B,  from  A,  the  only  point 
not  negative,  but  neutral.    This  is  the  case  represented  in  Table  III. 

in  the  three  different  cases  above  described,  the  indicated  positive 
and  negative  states  are,  in  every  part  of  the  column,  common  to 
zinc  and  copper.  There  is  no  doubt,  in  every  binary  association  of 
the  metals,  that  diflferenee  between  them  which  their  nature  requires ; 
but  it  is  insensibie  in  them  individually,  as  it  is  when  they  are  sin- 
gle ;  and  their  electric  state,  embracing  both  metals,  is  determined, 
according  to  their  position  in  the  column,  by  the  motions  of  the 
electric  fluid  resulting  from  these  insensible  elements ;  and  that 
they  follow  the  laws  determined  in  my  paper  from  the  cause  as- 
signed, is  verified,  by  these  experiments ;  which  demonstrate  at  the 
same  time,  tiiat  there  are  no  positive  or  negative  states  belonging 
to  any  part  of  the  column  (nor  conseqnentiy  of  the  pile) :  since  each 
part  may  change  from  positive  to  negative,  or  inversely,  according 
to  circumstances,  by  the  different  motions  impressed  on  the  electric 
fluid ;  which  motions  may  be  concluded  from  these  phenomena 
themselves,  but  will  be  directly  perceived  in  the  following  experi- 
ment. 

Exp.  0.  A  necessary  condition  of  this  class  of  experiments  is, 
that  the  state  of  the  ambient  air  be  such,  that  alternately,  at  each 
extremity  of  the  column,  one  of  the  gold  leaves  strikes  the  side  of 
the  electroscope,  and  at  last  sticks  at  one  of  the  extremities.  The 
following  are  three  different  cases  in  these  phenomena. 

1 .  When  the  strikings  are  alternate  at  the  extr^nities,  these  in- 
stantaneous communications  of  the  column  ¥rith  the  ground  at  each 
side,  by  the  contact  of  the  gold  leaf  with  the  tin  foil,  produce  in  the 
former  a  flux  and  reflux  of  electric  fluid.  When  the  gold  leaf  strikes 
at  the  copper  extremity,  some  fluid  ascends  from  the  ground  into 
the  column,  and  repairs  the  deficiency  on  this  side  ;  but  this  addi- 
tional quantity  of  electric  fiuid  in  the  column  occasioi^ing  a  striking 
at  the  zinc  extremity,  the  new  quantity  of  fluid  returns  that  way  to 
the  ground.     These  rises  and  ebbs  of  the  electric  fluid  in  Uie  column 
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are  observed  at  the  middle  electroicope,  but  only  when  some  time 
elapses  between  the  strildngs ;  for,  on  account  of  the  slowness  of 
motion  of  the  fluid,  directly  shown  above,  when  the  stiikings  rapidly 
alternate,  before  one  of  the  effects  has  extended  itself  in  the  column, 
the  contrary  effect  begins ;  in  the  same  manner  as  the  rise  and  ebb 
of  the  water  are  not  sensible  within  the  Mediterranean  Sea  and  the 
Baltic,  on  account  of  their  narrow  entrance ;  for  before  the  flux  has 
extended  itself  some  way  up  these  seas,  the  reflux  operates  in  a  con- 
trary direction.  But  tliese  motions  of  the  electric  fluid  are  very 
sensible  at  the  middle  point,  in  the  following  cases. 

2.  When  the  gold  leaf  comes  to  adhere  at  the  copper  extremity, 
thus  placing  it  in  a  continued  communication  with  the  ground,  the 
strildngs,  which  become  more  frequent  at  the  zinc  side,  produce  a 
pulsehke  stream  of  the  electric  fluid  in  the  column,  manifested  by 
the  motions  of  the  gold  leaves  in  the  middle  electroscope  :  their  di- 
vergence is  positive,  the  whole  column  being  now  in  this  state  (Exp. 
8, 1),  but  they  fall  in  part,  when  the  gold  leaf  strikes  at  the  zinc 
side,  and  rise  in  the  intervals  of  the  strikings ;  thus  pointing  out 
clearly  a  current  flovnng  from  B  to  A,  at  a  higher  level  than  the 
standard,  which  level  alternately  rises  and  falls. 

3.  When  the  adhesion  of  the  gold  leaf  takes  place  at  A,  the  zinc 
side  ;  which  circmnstance,  producing  a  continued  conmiunication  of 
this  side  with  the  ground,  renders  the  column  negative  in  the  whole 
(Exp.  8,  2) ;  while  the  gold  leaf  at  B,  the  copper  side,  goes  on 
striking :  a  current  of  electric  fluid  is  also  produced,  but  at  a  lower 
level  than  the  standard :  the  divergence  of  the  gold  leaves  in  the 
middle  electroscope  is  consequently  negative,  and,  as  in  the  former 
case,  they  fall  in  part  at  every  striking,  and  rise  in  the  intervals  ; 
but  while  in  that  case  they  fell  by  the  lowering  of  level  of  the  cur- 
rent, and  rose  when  it  came  higher ;  now  diverging  as  negative, 
they  fall  at  every  striking,  because  some  fluid,  ascending  from  the 
ground,  makes  the  column  less  negative ;  and  they  rise  again  while 
this  fluid  flows  into  the  ground  by  the  zinc  side,  and  thus  prepares 
another  striking. 

I  have  made  the  same  experiments  on  the  motions  of  the  electric 
fluid  within  the  pile  itself;  they  are  more  confused  and  less  lasting 
on  account  of  the  calcination  of  the  metals :  but  the  column,  being 
in  fkct  the  electric  machine  of  the  pile,  shows  clearly  and  perma- 
nently these  motions,  which  I  shall  now  follow  in  ihe  circuit,  or 
when  the  two  extremities  of  the  column  (or  the  pile)  are  connected 
together  by  some  intermediate  body.  In  this  case  the  motion  of 
the  electric  fluid  is  manifested  by  more  or  less  retardation  of  its 
current,  according  to  the  deg^ree  of  conducting  faculty  of  the  body 
employed. 

For  this  class  of  experiments  (see  the  flgure)  brass  hooks,  5  and  6, 
are  fixed  to  the  small  brass  plates,  terminating  the  column  at  each 
extremity,  and  against  which  press  the  screws :  these  hooks  project 
a  little  more  than  an  inch,  and  serve  for  different  purposes.     The 
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following  experiments  will  relate  to  the  conducting  faculty  of  that 
kind  of  glass  tube  filled  with  water,  entered  bj  wires  on  both  sides, 
in  which  chemical  effects  are  produced  when  it  is  applied  to  the  pile ; 
but  with  the  column,  these  effects  do  not  take  place. 

£xp^  10.  The  tube  of  the  above  kind,  which  serves  in  this  expe- 
riment, is  represented  in  the  figure,  as  suspended  at  the  point  7  ; 
its  wire,  8,  haying  a  hook,  held  up  by  a  silk  thread,  which,  passing 
over  the  pulley,  10,  descends  to  a  thin  brass  plate,  11,  fixed  to  the 
base  of  the  instrument.  This  brass  piece  bends  forward  at  the  top, 
and  the  silk,  entering  into  a  notch  of  this  proj^tion,  is  stopped  there 
by  a  bead  fixed  to  it.  The  other  wire,  9,  of  the  tube,  is  hooked  on 
the  projecting  wire,  6.  In  this  situation  of  the  tube,  it  does  not 
affect  the  electroscopes  of  the  column,  they  continue  to  diverge  as  if 
the  tube  were  not  connected  with  one  of  ihem ;  but  when,  the  silk 
being  disengaged,  the  hook  of  the  wire,  8,  comes  to  rest  on  the  hook, 
5,  of  the  column,  the  circulation  of  the  electric  fluid  produced 
through  it  between  the  extremities  A  and  B  is  so  rapid,  that  the  di- 
vergence entirely  ceases  in  the  electroscopes ;  and  it  returns  only, 
when  the  extremity  of  the  wire,  8,  is  again  lifted  up.  This  shows, 
that  the  glass  tub^  of  this  kind  are  sensibly  as  good  conductors  as 
metals. 

The  different  conducting  faculties  of  bodies  proceed  from  different 
degrees  of  adhesion  of  the  electric  fluid  to  them :  but  beside  this 
difference  among  bodies,  there  is  another,  which  relates  to  permea- 
bility. All  the  bodies,  which  I  have  tried,  are  permeable  to  the 
whole  of  the  electric  fluid,  except  those  that  can  be  charged ;  which 
are  impermeable  to  the  electric  matter,  and  permeable  only  to  the 
vector.  This  operation,  called  charge,  as  I  have  explained  and 
proved  in  my  works,  consists  in  accumulating  the  electric  matter 
only  on  one  side  of  the  laminas  made  of  these  substances,  by  occa- 
sioning a  proportional  diminution  of  its  quantity  on  the  opposite 
surface,  which  is  an  operation  of  the  vector ;  and  the  reason  why 
other  bodies  cannot  be  charged  is,  that,  the  electric  matter  pervading 
them,  though  slowly  in  some  of  them,  no  sensible  difference  in  the 
quantity  of  electric  matter  can  be  produced  between  their  opposite 
surfaces. 

Glass,  in  this  respect,  is  a  remarkable  substance.  It  is  absolutely 
impermeable  to  the  electric  matter,  and,  being  a  solid  body,  it  is 
used  for  insulating  pillars  in  our  electric  apparatusses ;  but  the 
electric  matter  moves  easily  along  its  surface,  as  I  have  visibly  shown 
by  the  Lichtenberg  figures  produced  on  its  naked  surface,  where 
they  dissipate  in  a  little  time,  while  they  last  many  days  on  resinous 
surfaces.  This  is  the  reason  of  covering  the  glass  pillars  destined 
to  insulate  with  some  resinous  varnish  ;  but  all  these  varnishes  are 
not  equally  fit  for  the  purpose,  and  this  la  one  of  the  objects  of  the 
following  process,  as  well  as  the  trial  of  the  different  conducting  fa- 
culties of  other  bodies. 

For  these  experiments,  the  bodies  to  be  tried  must  be  reduced 
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into  slips  or  rods,  which  are  to  be  laid  on  the  hooks,  5  and  6,  of  the 
column,  in  order  to  observe  the  effect  produced  on  its  electroscopes ; 
but  there  are  necessary  precautions  to  be  used  in  laying  them  on 
the  hooks.  For  instance,  in  respect  to  the  bodies  with  which  I  shall 
begin,  those  which  have  different  conducting  faculties,  belonging 
mostly  to  the  yegetable  and  animal  kinds,  when  they  are  placed  on 
the  hooks  with  the  fingers,  as  it  is  almost  impossible  to  lay  them  on 
both  hooks  at  the  same  instant,  the  end  which  touches  first  disturbs 
the  equilbrium  of  the  electric  fluid  in  the  column  ;  and  I  haveahewn 
above,  that  it  is  but  slowly  restored.  In  order  to  obviate  this  defect, 
and  for  another  purpose  that  will  follow,  two  brass  wire  brackets, 
12, 12,  are  fixed  in  the  firont  of  the  base  of  the  instrument,  on  which 
the  slips  are  first  laid,  and  there  taken  up  by  two  glass  hooks  covered 
with  sealing  wax,  witli  which  they  are  pla(*ed  on  the  hooks  of  the 
column.  I  shall  give  a  general  idea  of  these  trials  under  the  follow- 
ing head. 

Exp,  11.  The  substances  of  this  class  having  more  or  less  eon- 
ducting  fiiculty,  they  lessen  in  difierent  degrees  the  divergence  in 
the  electroscopes,  by  transmitting  more  or  less  electric  fluid  from  A 
to  B.  This  is  a  curious  kind  of  experiment,  but  as  the  particulars 
are  not  here  my  object,  I  shall  relate  only  one,  concerning  the  phy- 
siology of  vegetables,  which  may  lead  to  others  of  the  same  kind. 
Having  repeated  in  presence  of  Dr.  Lind  these  experiments  on  the 
different  conducting  faculties  of  various  bodies,  I  showed  him  a  phe- 
nomenon, which  had  surprised  me.  A  thin  slip  of  deal,  cut  along 
the  fibres,  being '  applied  to  the  column,  there  remained  but  little 
divergence  in  ^e  electroscopes  ;  while  a  slip  of  the  same  wood,  of 
the  same  thickness  and  breadth,  but  cut  across  the  fibres,  produced 
much  less  diminution  in  the  divergence.  Dr.  Lind  found  probably 
the  cause  of  this,  difference,  assigning  it  to  the  situation  of  Uie  Te* 
sinous  substance  within  that  wood :  it  does  not  belong  to  the  fibres 
themselves,  since  they  transmit  easily  the  electric  fiuid  ;  it  is  lodged 
between  the  fibres,  and  thus  forms  an  impediment  to  the  passage  of 
the  fiuid  from  fibre  to  fibre  in  the  slips  cut  across  them. 

When  these  experiments  are  made  with  the  view  of  trying  the 
insulating  property  of  bodies,  still  more  precaution  is  required  in 
placing  tibem  on  the  hooks  of  the  column  :  for  the  bodies  fit  for  this 
use  being  fundamentally  impermeable  to  the  electric  matter,  their 
electric  state  is  changed,  more  or  less  permanently,  by  friction ;  and 
this  in  the  manner  which  I  intend  to  explain  in  a  future  paper.  As, 
however,  they  can  hardly  be  handled  without  some  friction,  they  act 
upon  the  column  by  their  influence  (an  effect  which  1  shall  show 
directly  hereafter),  and  their  insulating  property  cannot  be  observed, 
on  account  of  the  disturbance  which  they  produce  in  the  state  of  the 
column  itself.  These  bodies  therefore  must  remain  a  little  time  un- 
touched on  the  brackets,  and  be  there  breathed  upon,  in  order  that 
the  moisture  of  the  breath  may  dissipate  their  electrization  ;  serving 
as  a  conductor  for  their  whole  surface  to  the  ground,  through  the 
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lyrackets ;  and  when  the  moisture  is  eyaporated,  the  rods  are  taken 
up  there  with  the  insulating  hooks,  and  dius  applied  to  the  column. 

These  experiments  are  particularl  j  useftd  for  a  better  knowledge  of 
insulation,  a  point  very  important  in  the  construction  of  electric  ap- 
paratusses ;  for  many  experiments  fail  for  want  of  a  complete  insu^ 
lation  ;  and  I  do  not  know  of  any  shorter  and  surer  method  of  trying 
the  isulating  faculty  6i  yamishes  laid  on  glass  for  this  purpose,  than 
that  of  applying  to  the  column  rods  of  glass  covered  with  them.  I 
shall  also  give  only  a  general  idea  of  this  class  of  trials  under  the 
foUowing  head. 

Exp,  12.  It  is  very  seldom,  that  a  naked  glass  rod,  being  placed 
on  the  hooks  of  the  column,  does  not  sensibly  diminish,  in  a  little 
time,  the  divergence  in  the  electroscopes,  by  transmitting  slowly 
some  electric  fluid  ftam  A  to  B  :  but  this  is  more  or  less,  according 
to  the  nature  of  the  glass ;  therefore  these  differences  may  become 
a  particular  object  of  experiments  concerning  the  property  of  differ^ 
ent  glasses  fbr  electric  purposes,  by  comparing  the  effects  of  different 
rods  on  the  electroscopes  of  the  column  ;  much  care  being  taken, 
that  all  effect  of  friction  be  dissipated.  With  respect  to  varnishes,  a 
proper  sealing  wax  laid  over  the  glass  when  hot  is  the  best  coating 
which  I  have  found  ;  a  rod  of  this  kind  produces  no  change  in  the 
electroscopes.  But  all  sealing  waxes  have  not  the  same  property, 
and  before  I  had  devised  this  mode  of  trial,  I  was  sometimes  disap- 
pointed in  the  construction  of  the  small  set  of  electric  apparatusses, 
which  I  have  mentioned  in  the  former  paper,  even  in  that  of  the 
electroscopes  of  the  column,  as  the  top  of  dieir  glass  bottle  must  be 
insulating.  The  sealing  wax  reckoned  the  finest,  because  it  melts 
more  easily  and  spreads  more  smoothly,  is  not  fit  for  this  purpose, 
its  softness  being  produced  by  spirits  of  wine.  In  general,  for  this 
essential  choice  of  an  insulating  coating  on  glass,  the  column  is  very 
useful ;  for  by  laying  the  different  coatings  on  glass  rods,  and  plac- 
ing these  on  the  hooks  of  the  column,  those  which  will  be  found  to 
diminish  the  divergence  in  the  electroscopes  are  not  completely  in- 
sulating, and  that  coating  must  be  used,  by  which  tlie  divergences 
are  not  affected. 

I  come  to  the  impression  produced  on  the  column  itself,  when 
there  remains  some  effect  of  friction  on  the  insulating  rods  applied 
to  it.  The  experiments  on  this  object  will,  at  the  same  time,  afford 
a  new  verification  of  the  cause  which  1  have  assigned  to  the  motion 
of  the  electric  fluid  in  the  column  (or  the  pile),  by  what  is  called  the 
electric  influence  ;  the  laws  of  which,  flrst  really  determined  by  Sig. 
Yolta,  I  have  explained  by  some  modifications  of  the  vector,  which 
will  be  perceived  in  the  following  experiments ;  showing  at  the  same 
time  the  effect  of  the  ambient  air,  such  as  I  have  determined  it. 
The  proper  time  for  these  experiments  is  also  when,  from  the  electric 
state  of  the  ambient  air,  there  is  not  much  divergence  in  the  electro- 
scopes of  the  column.  They  may  be  made  with  naked  glass,  which 
friction  renders  positive  ;  and  with  a  glass  rod  covered  with  sealing 
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wax,  which  thus  becomes  negative.  I  shall  explain  the  phenomena 
produced  by  the  latter,  because  it  retains  longer  the  effect  of  friction ; 
those  produced  by  naked  glass  are  of  the  same  nature,  only  reversed. 
Exp.  13.  A.  glass  rod  covered  with  sealing  wax  must  be  rubbed 
so  gently,  that,  when  applied  to  the  column,  it  only  increases  the 
divergence  of  the  gold  leaves  at  the  negative  side,  without  any  strik- 
ing, else  the  effects  would  be  confused :  when  it  produces  Uie  pro- 
per effect,  the  phenomena  are  the  following. 

1.  At  the  moment  when  the  rod  is  placed,  the  divergence  increases 
at  the  negative  side,  and  diminishes,  or  even  ceases  at  the  positive 
side.  The  cause  of  these  effects  is,  that  the  expansive  power  of  the 
electric  fluid  is  lessened  in  the  whole  column,  by  part  of  its  vector 
passing  to  the  negative  rod,  where  its  quantity  is  less  :  and  as  how- 
ever the  equilibrium  of  the  electric  fluid  in  the  column  requires 
more  electric  matter  on  zinc  than  on  copper,  the  latter,  at  the  first 
moment,  loses  more  of  it,  but  not  sufficiently  to  compensate  the  loss 
of  expansive  power  at  the  zinc  side ;  therefore  less  electric  fluid 
passes  into  the  gold  leaves  of  the  latter,  which  fall  in  consequence 
of  this  diminution. 

2.  Within  a  little  time,  the  positive  divergence  is  renewed  at  the 
zinc  side,  and  the  negative  lessened  at  the  copper  side.  This  effect 
is  produced  by  the  ambient  air,  which  during  the  diminution  of  ex- 
pansive power  in  the  column,  3rields  to  it  some  electric  fluid,  espe- 
cially to  the  copper  side  which  was  become  strongly  negative  ;  and 
thus  the  former  equilibrium  is  restored  in  the  column. 

The  proof  of  the  above  explanations  of  the  phenomena  observed, 
which  embrace  the  whole  system,  both  of  the  motion  of  the  electric 
•fluid  in  the  column,  and  of  the  influence  of  the  ambient  air  on  this 
instrument,  is  obtained  by  suddenly  moving  the  rod :  for  the  new 
quantity  of  electric  fluid  conununicated  to  the  column  by  the  air 
during  the  influence  of  the  negative  body  makes  both  gold  leaves 
strike  at  once  on  the  zinc  side  by  a  very  great  divergence. 

The  last  object  concerning  the  theory  of  the  electric  effects  in 
both  the  column  and  the  pile,  which  remains  to  be  considered,  re- 
lates to  the  difference  between  the  effects  of  the  number  of  groups 
and  the  size  of  the  plates,  considered  under  two  distinct  points  of 
view,  on  one  of  which  I  have  already  given  an  experiment  in  my 
former  paper:  but  I  have  repeated  it  in  a  different  manner,  which 
will  confinn  my  system  on  these  phenomena. 

Exp.  14.  The  column  of  600  groups,  represented  in  the  flgure, 
has  been  composed  of  three  columns  of  200  groups  each,  which  I 
had  used  separately  from  the  beginning  of  these  experiments  ;  but 
before  they  were  united  together  for  the  purpose  of  the  aerial  elec- 
troscope, I  tried  their  effects  in  the  three  following  combinations. 

1 .  I  applied  successively  to  the  same  electroscope  the  same  ex- 
tremity (either  positive  or  negative,)  of  each  column,  the  opposite 
extremity  being  placed  in  communication  with  the  groimd  ;  and  I 
observed  the  quantity  of  divergence  produced  by  each  column,  which 
was  nearly  the  same. 
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2.  1  appfied  the  three  columns  at  the  same  time  to  the  electro- 
scope, essSi  of  them  remaining  in  commmiication  with  the  ground  ; 
and  the  divergence  was  not  greater  than  it  had  been  with  the  most 
active  of  the  single  columns. 

3.  But  having  connected  the  three  columns  as  one,  by  placing 
conductors  between  their  opposite  extremities,  and  connecting  one 
extremity  of  the  whole  wiUi  the  electroscope,  the  other  being  in 
communication  with  the  ground ;  the  effect  was  so  much  increased 
that  the  gold  leaves  struck  the  sides  of  the  electroscope. 

This  proves,  under  a  different  form,  the  same  proposition  which 
I  had  stated  in  my  former  paper,  namely,  that  the  simple  divergence 
in  electroscopes  depends  only  on  the  density  of  the  electric  fluid,  and 
the  density  on  the  number  of  groups  ;  at  the  same  time  that  it  con- 
firms the  cause  which  I  had  assigned  to  these  effects ;  and  as  they 
are  analogous  to  many  kinds  of  phenomena,  I  shaU  use  another  ex- 
ample to  explain  it,  that  of  pumps.  As  the  height  to  which  water 
can  be  raised  by  pumps  does  not  depend  on  either  their  number  or 
fflze,  but  on  their  length  ;  so  in  the  above  experiment,  with  three 
concurrent  columns  of  200  groups,  the  density  of  the  electric  fluid 
was  not  increased  on  one  extremity,  nor  consequently  the  divergence 
at  diher  extremity,  more  than  with  one  column ;  nor  could  more 
have  been  done  wiUi  one  colunm  of  the  same  number  of  groups  of 
whatever  size.  But  as,  in  taking  the  water  at  the  same  level,  a 
pump  of  thirty  feet  will  bring  it  three  times  as  high  as  three  pumps  of 
ten  feet ;  so  in  the  above  experiment,  the  column  of  600  groups 
produced  probably  three  times  as  much  change  of  density  in  tike 
electric  fluid,  with  a  proportional  divergence,  as  did  the  three  co- 
lumns of  200  groups,  individually  acting  on  the  same  low  level,  or 
degree  of  density,  that  of  the  standard  of  plus  or  minus. 

But  if  in  this  case  the  size  of  the  plates,  or  the  multiplication  of 
their  number  at  the  same  numerical  distances  from  the  extremities, 
be  indifferent,  it  is  not  the  same  in  some  other  cases,  as  1  shall  illus- 
trate by  the  same  analogy.  In  the  above  case,  the  height  to  which 
the  water  was  to  be  raised  being  the  only  object,  the  number  or  size 
of  the  pumps  was  indifferent ;  but  if  a  current  is  to  be  produced  at 
that  level,  either  with  a  certain  degree  of  rapidity,  or  of  a  certain 
volume,  then  the  diameter  of  the  pumps  comes  in  as  a  condition. 
The  following  experiment  will  show  the  analogy  of  this  case,  with 
the  effects  of  the  different  sizes  of  plates  in  the  column. 

Exp.  15.  I  made  two  other  columns  of  200  groups  each ;  but 
these  I  only  cut  square,  for  one  of  |,  and  for  the  other  of  |  of  an 
inch,  still  zinc  and  Dutch  gilt  paper.  These  two  columns  produced 
sensibly  the  same  divergence  as  the  former,  in  the  same  electroscope; 
but  in  this  was  already  shown  the  difference  in  other  respects ;  the 
time  for  producing  this  divergence  was  in  the  inverse  ratio  of  the 
size  of  the  plates. 

This  experiment  gives  a  clear  idea  of  the  effect  produced  by  a 
greater  size  of  the  plates,  both  in  the  pile  and  in  the  column.     In 
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the  eircuit  of  the  former,  with  the  same  number  of  groups,  the  ef- 
fects-are proportional  to  the  sue  o£  the  plates,  because  the  current 
of  the  electric  fluid  becoming  denser  and  more  rapid  in  passing 
through  the  wires  used  in  these  operations,  the  effects  are  greater, 
in  proportion  to  the  number  of  equal  parts  of  surface,  either  in  a  few 
or  many  plates,  concurring  to  produce  the  motion  of  ttke  electric 
fluid  which  arrives  at  the  entrance  of  this  narrow  channel.  That 
diffisrence  in  the  rapidity  and  density  of  the  current  cannot  be  dis- 
covered in  the  circuit  of  the  column,  because  the  condition  to  which 
chemical  effects  are  owing  is  wanting  in  it,  as  I  have  explained  in 
ray  former  paper  ^  but  the  size  of  the  plates  influences  the  frequency 
of  the  strikings  of  the  little  electroecopic  pendula,  when  their  simple 
divergence  is  exceeded;  because  each  time  that  one  of  them  strikes, 
either  at  the  negative  or  the  pontive  side,  that  instantaneous  con^ 
munication  of  the  column  with  the  ground  changes  in  some  degree 
its  electric  state  ;  and  the  same  state  is  sooner  restored,  to  produce 
another  striking,  in  proportion  to  the  size  of  the  plates,  with  the 
number  of  groups.  This  effect  will  enter  as  an  essential  circumstance 
into  the  second  part  of  this  paper,  concerning  the  aerial  electroscope. 

On  the  Ignition  cf  Gunpowder  hy  the  Electrical  Discharge ;  and  on 
the  transmission  of  Electricity  through  Water ^  S^c,  By  Willi  ah 
Sturgeon.* 

[Experimental  and  Theoretical  Renearehei  in  Electricity,  Magnetism,  &c.,v 

continued  from  page  346,  vol.  viii.] 

It  ia  generally  admitted  that  the  present  state  of  knowledge  re- 
lative to  the  phenomena  of  electricity  is  enveloped  in  much  obscu- 
rity ;  and  perhaps  no  instance  of  electrical  action  manifests  our  ig- 
norance of  this  branch  of  science  more  than  that  of  igniting  gun- 
powder. Yet  so  little  notice  is  taken  of  this  isolated  fact,  that  no 
satisfactory  attempt  at  explanation,  that  I  am  aware  of,  has  ever 
appeared  in  the  pages  of  any  writer  on  this  subject. 

That  gunpowder  has  frequently,  by  various  individuals,  been  ig- 
nited by  the  electric  fl^d,  is  a  truth  that  cannot  be  denied.  But 
why  those  experimenters  happened  to  succeed,  and  why  others  so 
frequently  and  still  more  constantly /atl,  are  circumstances  Uie  cause  of 
which  has  hitherto  been  left  unexplained, — ^perhaps  not  understood. 
I  am  well  convinced  that  no  individual  experimenter  has  been  more 
embarrassed  than  myself,  by  fruitless  attempts  to  ignite  gunpowder 
by  the  electric  fluid  :  and  although  I  have  varied  the  experiment 
according  to  all  the  directions  I  could  either  read  or  hear  of,  yet  I 
candidly  confess  that  I  never  succeeded  by  any  of  them. 

Fruitless  as  these  experiments  were  wi^  respect  t€f  the  object  in 
view,  it  was  observed,  by  passing  the  discharge  of  a  jar  through 
water  (which  is  the  method  given  by  some  auUiors),  that  the  force 
of  the  shock  is  considerably  abated;  and  that  the  report  is  very 
trifling  when  compared  to  that  which  is  heard  by  a  similar  discharge 

*  From  the  Phil.  Mag. 
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through  metal.  Convinced  by  this  circumstance  that  the  nature  of 
the  discharge  i»  modified  in  a  peculiar  manner  by  passing  the  fluid 
through  water  ;  yet,  as  I  had  never  succeeded  in  igniting  gunpow- 
der by  a  discharge  through  the  aqueous  medium,  it  appeared  evi* 
dent  that  something  more  than  thi»  fact  was  necessary  to  be  under- 
stood. I  therefore  became  desirous  to  ascertain,  if  possible,  the 
real  cause  why  other  experimenters  succeeded,  and  why  every  at- 
tempt that  I  had  made  proved  unsucceessful. 

it  is  well  known,  that  if  a  red  hot  iron  be  applied  to  gunpowder, 
the  latter  does  not  immediately  ignite,  but  that  some  interval  of  time 
(however  small),  does  certainly  elapse  before  one  single  grain  is  on 
fire  :  and  that  it  is  possible  for  a  red  hot  iron  to  be  passed  over  the 
hand  with  such  velocity  as  to  produce  scarcely  any  sensation  of  heat. 
Hence  my  first  object,  now,  was  to  devise  some  means  of  retarding 
the  velocity  of  the  electric  ftuid  :  for  T  considered  that  if  this  could 
be  acomplished,  more  time  would  be  afforded  for  the  fiuid  and  gun- 
powder to  be  in  contact,  and  the  latter,  in  consequence,  more  likely 
to  be  ignited.  I  likewise  supposed  that  if  the  electric  fluid  be  re- 
tarded by  being  traosmitted  through  water,  it  was  likely  that  a  jar 
would  not  be  quite  discharged  by  a  very  sudden  contact ;  as  it  was 
probable  that  if  the  discharging  rod  was  quickly  withdrawn  from 
the  knob  of  the  jar,  that  the  whole  of  the  fluid  would  not  have  time 
to  make  its  escape.  But  several  trials  in  this  way,  through  a  large 
tub  of  water,  seemed  to  discharge  the  jar  as  effectually  as  if  the 
whole  circuit  had  been  of  metal. 

Although  these  experiments  were  by  no  means  satisfactory,  yet  I 
always  observed  that  the  report  was  much  feebler,  and  that  gun- 
powder placed  in  the  circuit  was  not  blown  or  scattered  to  so  great 
a  distance  when  the  discharge  was  made  through  water,  as  when  a 
similar  discharge  was  transmitted  through  metal.  Hence  it  was  ob- 
viou»  that  the  force  had  by  some  means  abated ;  but  whether  by  re- 
tardation, or  by  some  change  in  the  physical  character  of  the 
electric  fluid,  1  was  at  that  time  unable  to  detemine. 

SiMne  time  afterwards  an  idea  suggested,  that  if  the  electric  fluid 
be  retarded  at  all  by  passing  through  water,  perhaps  the  water  pos- 
sesses this  property  in  consequence  of  its  inferior  conducting  capacity 
with  respect  to  metals  and  other  good  conductors  ;  and  if  so  the  velo- 
city of  the  electric  fluid  might  be  reduced  to  almost  any  degree,  by 
reducing  the  diameter  of  the  column  of  water  through  which  it  had  to 
pa^.  For  it  is  evident  that  the  conducting  power  of  any  body  will 
be  proportional  to  its  natural  capacity,  and  to  the  quantity  employed 
at  any  one  point  in  the  circuitr  For  a  discharge  that  will  destroy  a 
thin  wire,  would  be  conducted  with  safety  by  a  wire  of  the  same 
kind  of  metal,  of  greater  dimensions.  It  now  occurred  that  those 
persons  who  had  ignited  gunpowder  by  the  electric  fluid,  perhaps 
succeeded  by  using  very  narrow  tubes  fiUed  with  water.  (For  I 
had  frequently  transmitted  a  discharge  through  a  wide  tube  with- 
out success ;  and  as  no  author  gives  any  dimensions  of  the  water 
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employed,  it  did  not  till  now  occur  that  the  time  of  transmission 
would  vary  with  the  calibre  of  the  tube.)      I  had  not  at  this  time 
any  narrow  tubes  in  my  possession.     Considering,  however,  that  if 
any  non-conducting  substance — such  as  silk,  or  paper — were  moist- 
ened with  water,  that  those  substances  could  have  no  more  conduct- 
ing power  than  what  was  imparted  to  them  by  the  moisture ;  my 
first  experiment  was  with  a  single  thread  of  sewing  silk,  about  four 
inches  long,  well  moistened  by  drawing  it  between  my  lips.     This 
thread  was  made  a  part  of  the  circuit  between  the  inside  and  the  out- 
side of  a  charged  jar.     At  another  part  of  the  circuit  an  interrup- 
tion was  made  between  the  extremities  of  two  wires ;  and  at  this 
interruption  was  placed  some  gunpowder.     On  discharging  the  jar 
the  gunpowder  ignited.      I  repeated  the  experiment  several  times 
with  the  same  success.     I  afterwards  varied  the   experiment,  by 
using  the  same  thread  and  a  smaller  jar,  and  succeeded  in  igniting 
gunpowder  with  about  thirty  inches   of  charged  surface.     I  must 
here  observe  that  when  the  thread  was  very  wet,  I  never  succeeded 
with  this  small  jar,  owing,  as   I  suppose,  to  the  quantity  of  water 
contained  in  the  thread  being  too  great  to  retard  the  small  quantity 
of  electric  fluid  contained  in  the  jar.     For  by  squeezing  out  some 
of  the  moisture,  the  thread  became  a  worse  conductor,  and  then  I 
always  succeeded. 

1  next  tried  how  far  it  was  possible  to  succeed  with  the  first  jar, 
and  augmenting  the  quantity  of  water.  For  this  purpose  a  piece 
of  twine  was  used,  well  soaked  in  water.  This  twine,  however,  con- 
ducted the  electric  fluid  with  too  much  facility  to  ignite  the  gun- 
powder ;  but  when  some  of  the  moisture  was  squeezed  out  it  an- 
swered very  well.  Thus  by  proportioning  the  one  with  the  other, 
I  always  succeeded.  The  same  results  were  obtained  by  using 
moistened  paper. 

Having  satisfied  myself  on  this  point,  I  next  endeavoured  to  as- 
certain if  the  electric  fluid  undergoes  any  change  in  its  physical  cha- 
racter by  passing  through  water  ;  or  if  the  Ignition  of  gunpowder 
depends  entirely  on  the  time  occupied  by  the  fluid  to  pass  dirough 
it.  For  this  purpose  I  employed  two  jars,  which  for  distinction  we 
will  call  A  and  B.  I  charged  A  positively  and  B  negatively,  and 
connected  their  outsides  by  water.  On  exploding  A  into  B, 
through  water,  both  jars  became  neutralized.  A  was  again 
charged  positively,  and  afterwards  partly  discharged  through  water 
into  B.  On  discharging  both  jars  separately  there  appeared  no  dif- 
ference in  the  explosions.  A  was  once  more  charged  positively,  and 
again  partly  discharged  through  water  into  B.  On  discharging  B 
through  a  moistened  thread,  gunpowder  was  ignited  in  the  circuit. 
These  experiments  were  reversed  by  charging  the  jar  A  with  nega- 
tive instead  of  positive  electricity,  and  the  results  were  similar. 
Hence  I  concluded  that  the  ignition  of  gunpowder  by  the  electric 
fluid  depends  on  the  time  occupied  by  the  latter  in  passing  through 
it,  and  not  on  any  change  in  the  physical  character  of  the  fluid. 
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Hence  also,  bj  the  foregoing  experiments  (when  the  intensity  of 
the  charge  is  constant),  the  time  occupied  by  any  given  quantity  of 
the  electric  fluid,  in  passing  any  one  point  in  the  circuit,  will  be  in 
some  reciprocal  proportion*  to  tlie  thickness  of  the  column  of  water 
employed  in  that  circuit. 

It  was  observed  in  these  experiments,  that  the  moistened  thread 
soon  became  nearly  dry.  Hence  the  electric  fluid  had  either  de- 
composed the  water  or  caused  it  to  evaporate.  The  former  effect  I 
suppose  to  have  taken  place ;  which,  if  true,  perhaps  the  decomposi* 
tion  of  water  by  this  agent  may  be  fiicilitated  by  reducing  the  dia- 
meter of  the  column  employed.  I  have  not  yet  had  time  to  ascer- 
tain this  particular  satisfactorily,  therefore  it  remains  a  mere  suppo* 
sition. 

I  have  frequently  discharged  a  jar  through  my  own  body  ¥dth* 
out  any  other  inconvenience  than  a  burning  sensation  at  the  extre^ 
mities  of  the  flngers ;  and  have  ignited  gunpowder  in  the  same 
circuit. 

So  modified  is  the  electrical  discharge  by  being  transmitted 
through  aqueous  conductors  that  the  effect  of  an  intense  charge  of 
the  most  powerful  battery  may  be  reduced  to  almost  any  degree.  I 
have  discharged  eight  feetf  of  charged  surface  through  my  own  body 
without  feelmg  the  least  shock.  But  the  burning  sensation  was 
veiy  severe. 

In  medicine  this  modification  of  electricity  can  hardly  fail  to  be 
useful ;  for  it  may  be  administered  to  any  particular  part  of  the 
body  without  affecting  any  other  part.  It  may  be  applied  to  the 
skin  of  the  most  delicate  patient ;  and,  without  the  least  danger  of 
giving  a  shock,  a  most  powerful  stream  of  electricity  may  be  poured 
on  the  part  affected. 

It  has  been  also  ascertained,  that  the  force  of  the  electric  dis- 
charge through  metal,  is  always  proportioned  to  the  thickness  of  the 
wire  through  which  it  is  transmitted ;  or,  that  the  same  quantity 
and  intensity  of  electric  fluid  acts  with  a  greater  force  when  trans*> 
mitted  through  a  thick  than  through  a  thin  wire. 

This  law,  of  course,  has  a  limit ;  for  if  the  conducting  wire  be 
sufficiently  stout  or  capacious  to  transmit  the  fluid  without  inter*- 
ruption,  a  wire  of  larger  dimensions  can  give  no  more  facility  to  the 
transmission.  I  am  of  opinion,  however,  that  thick  wire  facilitates 
the  transmission  of  the  electric  fluid  to  a  greater  degree  than  is  ge- 
nerally suspected.  Now  it  is  evident  that  as  thin  wire  has  the  pro- 
perty of  diminishing  the  intensity  of  an  electrical  discharge,  the  fluid 
during  its  transmission  through  such  a  wire  must  necessarily  be 

*  This  proportion  may  vary  either  as  the  diameter,  or  as  the  sqnare  of 
the  diameter  of  the  eolomn :  .according  an  the  electric  fluid  occupies  the 
sorfttee,  or  the  whole  body  of  the  water ;  and  if  the  velocity  of  each  indivi- 
daal  pitftideof  the  electric  flnid  be  affected,  the  tranimisnion  of  the  whole 
mati  will  alflo  vary  on  that  account. 

t  Eight  feet  of  lining  and  eight  of  coating. 
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drawn  out  (as  it  were)  into  a  longer  stream,  than  if  it  were  trans- 
mitted through  a  thick  one.  In  the  same  manner  that  a  cer- 
tain quantity  of  water  would  be  drawn  out  into  a  longer  stream  by 
passing  through  a  narrow  than  through  a  wide  tube  ;  or  as  a  piece 
of  metal  would  be  drawn  into  a  longer  wii^  by  passing  through  a 
small  than  through  a  large  hole  in  the  plate. 

Hence  it  became  a  curious  question,  What  length  of  wire  of  a 
given  dimension  does  a  certain  quantity  of  the  electric  fluid  (say  a 
jar  charged  to  a  certain  intensity)  occupy  at  any  moment  during 
its  transmission  ?  I  supposed  that  this  might  probably  be  ascer- 
tained by  placing  some  gunpowder  at  an  interruption  near  to  the 
positive  side  of  die  jar,  and  the  moistened  thread  near  to  the  nega- 
gative  side,  having  a  long  copper  wire  between  them.  For  if  the 
wire  was  of  sufficient  dimensions  to  contain  all  the  fluid  at  once,  the 
latter  would  not  meet  with  any  resistance  till  it  arrived  at  the  mois- 
tened thread  ;  and  the  time  of  its  transmission  through  that  part  of 
the  circuit  where  the  gunpowder  was  placed  would  not  be  length- 
ened ;  upon  which  supposition  the  gunpowder  ought  not  to  be  ig- 
nited. 

With  such  arrangements  I  have  separated  the  gunpowder  and 
moistened  thread  by  a  copper  wire,  No.  16,  of  diflerent  lengths, 
from  one  to  twenty  yards ;  yet  with  all  this  length  of  good  conduct- 
ing substance  beyond  the  gunpowder,  the  latter  never  failed  to  be 
ignited. 

I  consider  this  a  very  curious  circumstance,  and  the  inquiry  im- 
portant. Not  so  much  because  the  gunpowder  always  ignited  in 
these  experiments  (for  it  is  possible  that  with  longer  and  stouter 
wire,  and  a  smaller  charge,  the  ignition  might  not  take  place) ;  but, 
because,  if  it  could  be  proved  by  experiment  that  the  electric  fluid 
would,  by  intervening  capacious  good  conductors,  ignite  gunpowder 
at  the  negative,  and  not  at  the  positive  side  of  the  moistened  thread, 
such  experiment  would  prove  to  demonstration  the  truth  of  the 
Franklinian  hypothesis. 

I  am  well  convinced  that  if  the  electric  fluid  ever  passed  the  gun- 
powder without  interruption,  the  latter  could  not  be  ignited  by  any 
recoil  of  the  fluid  into  the  jar  from  the  interrupting  moistened 
thread ;  because  if  ever  it  passed  through  the  gunpowder  with  vio- 
lence, it  'V^ould  scatter,  or  blow  the  latter  substance  away,  so  that 
none  would  remain  in  the  circuit  to  be  ignited  at  the  time  of  the 
fluid's  return. 

Several  experiments  on  the  ignition  of  gunpowder  by  the  electric 
fluid  were  exhibited,  and  demonstrated  on  the  foregoing  principles, 
in  a  lecture  which  I  had  the  honour  to  deliver  before  the  members 
of  the  Western  Literary  and  Scientific  Institution,  on  Monday 
evening  last  (May  8th),  in  the  Concert  Room,  King's  Theatre,  Hay- 
market.  In  one  experiment  the  gunpowder  was  ignited  at  one  ex- 
tremity of  die  moistened  thread ;  and  in  another  experiment  four 
guns  were  flred  in  the  same   circuit.     I  have  frequently  fired  six 
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guns  by  one  discharge  of  a  jar  ;  and  bo  instantaneous  is  the  ignition 
at  the  seyeral  guns,  that  their  united  reports  appear  like  the  report 
of  one  gun  o^y. 

I  am  at  prteent  engaged  in  other  experiments  on  this  branch 
of  electricity,  and  shall  not  fail  to  communicate  to  the  public  the 
results  of  such  as  appear  worthy  of  notice. 

I  am,  Sir,  your's  faithfully, 

W.  Sturobon. 
Artillery  Place,  Woolwich, 
May  15,  1826. 


On  the  If^hmmaHan  of  Gunpowder  and  other  Svhtiances  hy  Elec- 
tricity:  with  a  Proposal  to  employ  the  Term  Momentum  as 
expressive  of  a  certain  Condition  of  the  Electric  Fluid.  By  Mr. 
W.  Sturgeon. 

To  the  Editor  of  the  Philosophical  Magazine  and  Journal, 

Sir, — Since  the  publication  of  my  paper  on  the  ignition  of  gun- 
powder by  the  electric  fluid,  I  have  had  an  opportunity  of  perusing 
Mr.  Woodward's  paper*  on  the  same  subject.  But  I  find  Uiat,  like 
all  other  authors  1  have  yet  read,  Mr.  W.  has  left  us  entirely  in  the 
dark  with  respect  to  the  law  that  is  necessary  to  be  observed  in 
varying  the  experiment.  For  although  the  dimensions  of  his  jar 
and  tube  are  given,  no  mention  whatever  is  made  why  it  is  neces- 
sary to  observe  those  dimensions,  or  why  other  jars  and  tubes  of 
various  other  dimensions  may  not  answer  as  well.  Indeed,  so  little 
does  Mr.  W.'s  hypothesis  concur  with  the  conclusions  deduced  from 
my  experiments,  that  he  supposes  the  water  derives  its  retarding 
property  solely  from  its  confinement  in  tubes.  For  it  is  stated  in 
Mr.  W.*s  paper :  **  If  the  tube  be  filled  with  ether  or  alcohol,  and 
placed  in  the  circuit,  the  powder  will  be  inflamed.  If  it  be  filled 
with  sulphuric  acid,  which  is  a  better  conductor,  the  powder  will  be 
scattered  and  not  inflamed  :  but  the  dispersion  will  not  be  so  great 
as  when  metals  only  form  the  circuit. 

"  The  same  effect  will  be  produced  by  transmitting  the  charge 
through  the  animal  economy,  or  through  water  not  inclosed  in 
tubes,  in  which  case  the  water  does  not  appear  to  oppose  a  sufilcient 
resistance  to  the  passage  of  the  fluid.'* 

It  is  evident  from  this  statement  of  Mr.  Woodward's,  that  he 
never  varied  the  experiment  by  employing  tubes  of  various  diame- 
ters ;  his  experiments  being  with  diflerent  fluids  in  the  same  tube. 
Had  Mr.  W.  taken  into  consideration  the  necessity  of  varying  the 


*  Thi«  paper  is  one  of  those  yon  so  obligisgly  pointed  ont  to  me  for  pe- 
rusal ;  and  appears  at  page  283,  voL  vii^  m  the  new  series  of  the  Armals  of 
Philoaophy.  The  two  papers  in  vol.  viii,  contain  nothing  material  on  the 
subject. 
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diameter  of  the  tube  with  the  nature  of  the  charge,  I  suspect  he 
would  have  found  little  difficulty  in  igniting  gunpowder  bj  trans- 
mitting the  electric  fluid  through  sulphuric  acid,  it  being  necessary 
to  observe  nothing  more  than  to  augment  the  charge,  or  reduce  the 
diameter  of  the  tube. 

That  the  retarding  property  of  the  water  does  not  depend  on  its 
confinement,  is  evident  from  the  success  of  my  experiments  with  a 
moistened  thread  exposed  to  the  open  air.  Indeed,  so  certain  it  is, 
that  confinement  does  not  impart  to  water  this  property,  that  gun- 
powder may  be  ignited  in  the  electrical  circuit,  by  transmitting  the 
fluid  through  a  sufficiently  narrow  streak  of  water,  drawn  on  the 
surface  of  a  piece  of  flat  glass. 

I  should,  however,  be  extremely  sorry  to  detract  any  thing  from 
the  merits  of  any  man ;  and  although  Mr.  Woodward's  explanation 
of  igniting  gunpowder  by  the  electric  fluid,  when  transmitted  through 
water,  does  not  exactly  agree  with  the  principles  on  which  I  suppose 
the  action  to  depend,  I  nevertheless  should  be  wanting  in  candour, 
were  I  not  to  express  my  sentiments  on  the  highly  interesting  na- 
ture of  his  experiments :  and  I  feel  a  pleasure  in  acknowledging  that 
Mr.  W.  has  preceded  me  in  some  that  are  detailed  in  my  paper  (al- 
though I  did  not  know  it  at  the  time) ;  viz.,  those  wherein  gun- 
powder was  Ignited  on  both  the  positive  and  negative  side  of  a  long 
conducting  wire. 

Mr.  Leuthwaite  has  likewise  conducted  a  number  of  interesting 
experiments  on  this  subject;  but  I  believe  they  Were  intended 
chiefly  to  ascertain  the  conducting  power  of  difl^erent  fluids,  in  order 
to  make  choice  of  the  most  eligible  for  the  purpose  of  igniting  gun- 
powder by  the  electric  fluid. 

Hence,  so  far  it  appears  that  the  idea  had  not  been  entertained 
(prior  to  the  institution  of  my  experiments),  that  the  diameter  of  the 
tube,  and  the  nature  of  the  charge,  would  any  way  affect  the  result 
of  the  experiment.  Neither  does  it  appear  that  the  ignition  of  gull- 
powder,  by  means  of  transmitting  the  electric  fluid  through  uncon- 
dned  water,  was  ever  attempted  prior  to  those  experiments  detailed 
in  my  former  paper  on  this  subject.  The  most  extraordinary  me- 
thod of  effecting  the  ignition  of  gunpowder  by  the  electric  fluid,  that 
I  have  yet  heard  of,  is  that  stated  by  Mr.  Howldy,  in  the  Philosophieal 
Magazine^  vol.  Ixviii,  p.  173.  I  have  been  induced  to  pay  some 
attention  to  this  method,  **  especially  as  it  saves  the  experimenter 
time,  labour,  and  power,"  circumstances  highly  important  and  ne- 
cessary to  be  understood. 

I  think,  however,  it  is  to  be  regretted,  that  Mr.  Howldy  has  not 
mentioned  the  hygrometrical  state  of  that  part  of  the  table  ("  four 
iifches  '*)  between  the  extremity  of  the  chain  and  the  outside  of  the 
jar  :  as  it  is  possible,  that  a  variation  in  that  particular  may  vary  the 
result  of  the  experiment.  But  as  Mr.  H.  has  practised  this  method 
for  several  years,  and  with  uniform  success,  it  is  to  be  expected  that 
such  a  circumstance  could  hardly  escape  the  notice  of  so  accurate  an 
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experimenter.  Considering,  howeyer,  that  four  inches  is  a  long 
striking  distance  through  dry  air,  and  not  happening  to  be  successful 
when  attempting  to  repeat  die  experiment  according  to  Mr.  H.*8 
directions,  I  have  been  induced  to  suggest  to  that  gentleman  the 
necessity  of  his  repeating  the  experiment,  under  the  following  cir- 
cumstances : 

First.  Let  the  table  on  which  the  jar  and  chain  are  placed  be 
perfectly  dry,  and  of  hard  wood  (say  an  old  mahogany  table  that 
has  frequently  been  rubbed  with  bees*-wax,  or  with  anything  else 
to  render  it  a  nonconductor).  Let  this  jar  of  160  square  inches  of 
(interior)  coated  surface,  be  charged  to  the  intensity  of  80^  per  quad- 
rant electrometer ;  every  other  part  of  the  circuit  being  as  he  has 
described  it.     Discharge  the  jar  through  this  circuit. 

Secondly.  Let  the  same  arrangement  again  be  made,  only  with 
this  difference :  draw  on  the  table  a  narrow  line  of  water  (four  inches 
long),  from  the  outside  of  the  jar  to  the  extremity  of  the  chain. 
Discharge  the  jar  through  this  circuit. 

Should  there  occur  different  results  in  those  experiments  (as  I  am 
persuaded  there  will),  why  did  not  Mr.  Howldy  mention  such 
essential  particulars  ?  Or  are  we  to  conclude  from  his  silence,  that 
he  entertained  just  notions  of  the  nature  of  the  experiment,  and  that 
this  circumstance  was  too  trivial  to  notice  ? 

With  respect  to  the  method  in  which  the  wooden  peg  is  used,  I 
am  aware  that  it  will  answer  very  well  if  regulated  upon  the  prin- 
ciples stated  in  my  paper :  that  is,  when  ihe  moisture  it  contains 
in  a  transverse  section  is  proportioned  to  the  charge  transmitted ; 
and  that,  whether  the  point  be  sharp  or  blunt,  and  in  whatever  part 
of  the  circuit  it  may  be  placed.  If  its  being  "  very  dry  *'  were  es- 
sential to  the  success  of  the  experiment,  it  appears  strange,  that 
when  it  possessed  that  qualitity  in  a  superior  degree,  by  "  two  or 
three  experiments,**  it  should  be  '*  rendered  useless."  Its  having  a 
sharp  point*  too,  may  possibly  be  the  means  of  its  possessing  pro- 
perties which  I  have  not  seen.  •         •         •         •         • 

I  should,  however,  recommend  those  persons  who  use  a  piece  of 
wood,  to  have  it  somewhat  longer  than  that  described  by  Mr. 
Howldy,  for  fear  of  meeting  similar  disappointments  to  those  which 
he  met  with  when  varying  the  distance  between  the  outside  of  the 
jar  and  the  extremity  of  the  chain  with  high  intensities  ;  as  it  is 
possible  that  the  peg  may  be  shorter  than  the  striking  distance. 

Whenever  an  electrical  discharge  is  transmitted  through  water, 
for  t&e  purpose  of  igniting  gunpowder,  the  length  of  the  aqueous 
column  ought  always  to  exceed  the  striking  distance ;  for  if  the 
wires  which  enter  the  extremities  of  the  column  are  brought  too 
near  each  other,  the  electric  fluid  will  dart  from  one  to  the  other 
with  very  little  interruption,  and  in  all  probability  will  scatter  rather 
than  ignite  the  gunpowder. 

To  insure  success,  the  column  or  train  of  water,  or  any  substance 
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containing  it,  such  as  wood,  twine,  silk,  paper,  &c.,  should  never  be 
shorter  than  six  inches ;  and  the  thickness  or  quantity  of  water  con- 
tained in  a  transverse  section  must  always  be  regulated  according  to 
the  nature  of  the  charge  ;  that  is,  to  the  quantity  and  intensity  of 
the  electric  fluid  employed.  When  a  small  jar  is  used  for  this  pur- 
pose, then  the  strip  of  water  must  be  very  thin,  or  narrow  :  if  a 
larger  jar  be  used,  the  thickness  of  the  aqueous  column  may  be  in- 
creased. When  the  same  jar  is  used  with  different  intensities,  then 
the  lowest  intensity  requires  the  thinnest  strip  of  water ;  not  because 
the  intensity  is  lower,  but  because  the  quantity  of  fluid  is  less  :  and 
although  a  column  of  water  that  answers  for  a  low  intensity  wiU 
answer  for  every  intensity  that  is  higher,  nevertheless  a  colimm  that 
would  answer  very  well  for  high  intensity,  might  be  far  too  large 
to  insure  success  with  an  intensity  that  is  very  low. 

As  glass  tubes  are  both  convenient  and  elegant  for  regulating  the 
diameter  of  a  column  of  water;  about  seven  or  eight  inches  of 
barometer  tube,  -j^  of  an  inch  diameter,  answers  the  purpose  very 
well,  with  any  jar  containing  more  than  half  a  square  foot  of  coated 
surface  on  each  side,  with  any  intensity  of  charge  above  50°  per 
quadrant  electrometer.* 

By  employing  a  glass  tube  of  the  above  dimensions  filled  with 
water,  and  a  jar  containing  120  square  inches  of  coated  surface  on 
each  side  of  the  glass,  gunpowder  was  ignited  in  the  circuit  at  every 
trial,  with  any  intensity  above  20**.  When  two  such  jars  were  em- 
ployed at  the  same  time,  gunpowder  ignited  with  every  intensity 
above  10** ;  sometimes  with  an  intensity  as  low  as  7**  or  8°.  The 
gunpowder  was  fine  grained,  and  of  the  best  quality.  If  the  gun- 
powder is  bruised  to  a  fine  powder,  it  will  answer  still  better. 

When  moistened  thread,  twine,  or  wood  is  used,  any  of  them 
may  be  cut  in  two,  and  separated  a  little,  and  the  gunpowder  will 
take  fire  at  this  interruption  of  the  watery  part  of  the  circuit.  Thus 
we  learn  that  it  is  not  necessary  for  metallic  conductors  to  be  in  con- 
tact with  the  gunpowder  to  insure  its  ignition  by  the  electric  fluid. 

A  chain  may  be  made  of  alternate  links  of  copper  wire  and  tailor's 
thread,  in  such  a  manner  as  not  to  be  easily  distinguished  from  one 
that  is  all  of  metal.  If  such  a  chain  be  dipped  in  water,  and  made 
a  part  of  the  electrical  circuit,  gunpowder  may  be  ignited  in  any 
part  of  that  circuit,  as  though  the  thread  were  one  continued  piece. 

When  one  of  the  above-mentioned  jars  was  employed,  and  a  cop- 
per conductor  formed  the  circuit,  ether  was  fired  at  an  inteiruption, 
with  every  intensity  above  20°.  When  the  water  tube  formed  a 
part  of  the  circuit,  ether  could  not  be  fired,  though  both  jars  were 
employed  together^  with  an  intensity  of  90**. 

*  As  qnadrant  electrometers  do  not  afford  nniform  nieasnres  of  electrieal 
intensity,  bat  differ  from  one  another  according  to  the  weight  of  the  balU 
delicacy  of  suspension,  &c.,  an  intensity  is  here  given,  which,  it  is  expected, 
will  answer  with  the  generality  of  them. 
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When  four  such  jars  were  charged  to  the  highest  possible  inten- 
sity, and  discharged  through  the  water  tube,  gold  leaf  placed  in 
the  circuit  was  powerfully  attracted,  but  not  deflagrated. 

One  jar  with  an  intensity  of  60^,  powerfully  magnetized  a  sewing 
needle,  placed  in  a  spiral  forming  part  of  a  complete  metallic  circuit. 
With  two  jars  charged  to  the  highest  possible  intensify,  no  magnetic 
effect  was  produced  when  the  tube  of  water  formed  a  part  of  the 
circuit. 

How  do  these  experiments  accord  with  the  doctrine  of  quaniUy 
and  intensity  ?  In  the  galvanic  process,  a  needle  may  be  power- 
fully magnetized  by  a  single  pair  of  small  copper  and  zinc  plates  ; 
by  which  process,  it  is  said,  we  have  quantity^  but  not  intensity.  But 
by  the  experiments  I  have  just  now  mentioned,  it  appears  that 
quafOity  has  not  the  power  of  magnetizing  needles,  without  intensity. 
For  when  the  electric  fluid  was  not  retarded  by  inferior  conductors, 
a  very  small  q-uantity  produced  the  effect ;  but  when  the  intensity  of 
the  discharge  was  reduced,  although  three  times  the  former  quantity, 
at  least,  was  employed,  not  the  slightest  magnetic  effect  was  pro- 
duced. The  truth  is,  we  want  another  and  a  more  appropriate  term 
in  electricity :  that  term  is  momentum.  Intensity  answers  very 
well  to  express  the  relative  degrees  of  concentration  on  the  surface 
of  jars,  &c.,  but  momentum  is  the  proper  term  when  the  fluid  is  in 
motion.  Hence,  then,  although  the  less  quantity  of  the  fluid  pro- 
duced on  the  needle  an  effect  which  the  greater  was  not  able  to  ac- 
complish, this  effect  was  probably  owing  to  the  momentum  of  the 
former  exceeding  that  of  the  latter. 

When  tow  or  cotton  is  moistened  with  spirit  of  turpentine,  or 
mixed  with  powdered  rosin,  it  will  ignite  by  a  very  small  electrical 
discharge  when  the  whole  circuit  is  of  metal.  But  if  the  tube  of 
water  form  a  part  of  the  circuit,  the  tow,  or  cotton,  prepared  as 
above,  will  not  ignite,  although  two  of  the  before-mentioned  jars 
charged  to  the  highest  possible  intensity  be  discharged  through  the 
circuit. 

When  a  narrow  slip  of  gold  leaf  was  placed  between  two  pieces  of 
glass,  and  made  to  form  a  part  of  a  complete  metallic  circuit,  one 
jar  with  an  intensity  of  8°  discharged  through  that  circuit,  completely 
exploded  the  gold  leaf.  When  two  jars  were  employed  at  the  same 
time,  and  charged  to  a  still  higher  intensity  than  the  former,  and  the 
water  tube  entered  into  the  circuit,  a  similar  slip  of  gold  leaf  sub- 
jected to  the  discharge,  remained  uninjured. 

When  gold  leaf  and  gunpowder  were  subjected  at  the  same  time 
to  a  discharge  similar  to  the  above,  and  the  whole  circuit  of  metal, 
the  former  was  completely  exploded,  but  the  latter  substance  was 
scattered  only.  When  the  water  tube  formed  a  part  of  the  circuit, 
every  other  part  arranged  as  before,  the  gunpowder  ignited,  but 
the  gold  leaf  was  undisturbed  by  the  discharge  of  the  jars. 

Similar  experiments  were  made  witli  gunpowder  and  needles, 
gunpowder  and    ether,  gunpowder  and  tow,  prepared  as   above. 
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When  the  circuit  was  completely  metallic,  the  needles  were  magnet* 
ized,  or  the  ether,  the  tow,  &c.,  were  fired ;  but  the  gpmpowder 
was  in  no  instance  ignited.  When  the  water  tube  formed  a  part  of 
the  circuit,  the  gunpowder  was,  in  every  case,  ignited  ;  but  the  other 
substances  remained  unaffected. 

Hence  we  may  conclude,  that  in  order  to  magnetize  pieces  of 
steel,  to  explode  metals,  to  ignite  ether,  or  tow,  with  resin,  &c.,  by 
electricity,  quantity  and  velocity,  or  momentum  of  the  fluid  is  re- 
quired ;  but  to  ignite  gunpowder,  quantity  and  time  are  indispensa- 
ble :  that  is,  when  the  quantity  is  constant.  To  produce  the  former 
effects  requires  velocity,  to  produce  the  latter  effect,  time, 

I  remain.  Sir, 
Your  obedient  servant, 
ArtiUery  Place,  Woolwich,  W.  Sturoeon^ 

Nov.  24th,  1826. 
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LECTURE  XVIII. 

In  persuing  electrical  enquiries  from  the  productions  of  the 
machine  to  those  of  nature,  we  find  every  principle  that  is  exhibited 
from  the  one  source,  corresponds*  with  those  displayed  from  the 
other:  from  the  simple  attractions  and  repulsions,  to  the  most 
magnificent  phenomena  producible  by  electric  action.  The  air 
surrounding  this  glebe  of  earth  being  intermixed  with  the  electric 
fluid,  as  decidedly  as  the  materials  of  the  earth  itself  are  charged 
with  that  subtle  agent,  it  is  reasonable  to  suppose  that  electro-fluc- 
tuations take  place  in  the  atmosphere  as  well  as  in  the  earth,  bv 
every  change  of  temperature,  bydrometric  condition,  &c.,  to  whicb 
it  is  exposed ;  and  as  these  changes  are  frequent,  rapid,  and  occa- 
sionally great,  they  are  attended  by  corresponding  sudden,  and 
great  changes  in  the  electric  condition  of  the  aerial  shell. 

It  is  a  remarkable  fact  that,  in  a  still,  cloudless  atmosphere,  the 
electric  condition  of  it,  as  high  as  has  been  explored,  is  that  of  a 
gradually  increasing  charge,  from  the  earth's  surt'ace  upwards;  and 
as  this  is  uniformly  the  case,  under  these  circumstances,  it  becomes 
an  establised  fact  in  atmospheric  electricity,  which  may  be  conve- 
niently employed  as  a  standard,  or  normal  condition,  in  studies  of 
this  subject. 

The  ratio  of  electric  increase  with  increasing  atmospheric  alti- 
tudes having  never  yet  been  determined,  we  are  not  in  possession 
of  any  definite  law ;  and  as  different  results  have  been  obtained  by 
different  observers,  under  circumstances  apparently  similar,  the 
data  hitherto  collected  are  too  uncertain,  and  too  scanty,  to  form 
any  basis  whereon  mathematical  assistance  could  be  available  in 
the  establishment  of  any  correct  law  on  this  interesting  topic 
Notwithstanding,  however,  the  want  of  precise  theoretical  laws  on 
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tke  eleetro-distribution  id  the  atmosphere,  being  an  acknowledged 
fact,  the  desideratum  is  pleasingly,  though  partially  supplied  to  the 
observer,  by  the  unfading  picture  which  is  formed  in  his  mind,  of 
the  certain  increase  of  electric  agency  at  increasing  altitudes  from 
the  earth's  surface ;  every  succeeding  stratum  being  electro-positive 
to  every  stratum  beneath  it ;  and  the  whole  atmosphere  electro-posi- 
tive to  the  globe  which  it  surrounds. 

The  easiest  and  surest  mode  of  ascertaining  the  different  electric 
conditions  of  the  atmosphere  at  different  altitudes,  is  by  means  of 
a  series  of  kites,  with  a  wire  strand  in  each  string 

The  kites,  which  ought  to  be  four  or  five  in  number,  are  to  be 
floated  at  the  same  time,  and  with  different  lengths  of  string,  fr0m 
a  hundred  to  a  thousand  or  more  yards.  Let,  for  instance,  the 
lowest  of  a  series  of  five  kites  have  only  one  hundred  yards  of 
string,  and  the  highest  one  thousand  yards.  Under  favourable  cir- 
cumstances the  former  will  attain  about  seventy  yards,  and  the 
latter  between  eight  and  nine  hundred  yards  of  altitude ;  and  the 
intervening  three  kites  will  float  at  different  altitudes  between  these 
two  extreme  ones  of  the  series.  If  now,  we  place  the  ball  of  a 
Ley  den  jar  to  the  insulated  string  of  the  lowest  kite,  it  will  become 
charged  to  a  low  intensity  in  a  certain  period  of  time ;  and  by  ap- 
plying the  ball  of  the  jar  to  an  electroscope,  and  testing  the  charac- 
ter of  the  electric  action,  either  by  sealing  wax  or  by  glass,  in  the 
usual  way,  we  find  that  it  is  positive. 

The  same  operations  are  to  be  proceeded  with  at  the  other  kite 
strings,  and  it  will  be  found  that  the  whole  of  them  display  positive 
electric  action ;  and  with  an  increase  of  intensity  in  die  charge  of 
the  jar,  from  the  first  to  the  highermost  kite  in  the  series.  We 
next  proceed  to  ascertain  the  retatioe  difference  of  the  electric  ac- 
tions of  the  kite  strings,  by  bringing  two  of  them  at  a  time  in  their 
insulated  state,  close  to  each  other,  and  we  observe  a  spark  pass 
between  them ;  and  after  satisfying  ourselves  by  these  means  that, 
although  the  whole  series  are  positive  to  the  ground,  they  are  posi- 
tive and  negative  with  respect  to  each  other :  we  next  insulate  a 
jar,  and  by  connecting  one  kite  string  with  its  exterior  surface,  and 
another  with  its  interior  one,  the  jar  becomes  charged,  and  in  such 
a  manner,  that  the  highest  or  longest  string  of  a  pair,  invariably 
communicates  the  positive  charge  to  the  glass,  whether  it  be  the 
inside  or  outside  of  it  with  which  it  is  in  contact 

There  are,  however,  frequent  cases,  whilst  experimenting  with 
kites,  in  which  that  with  the  longest  string  will  not  be  the  highest; 
under  such  circumstances  the  intensity  of  the  charge  of  such  a 
string,  is  not  so  great  as  that  of  a  shorter,  whose  upper  end  is  much 
higher;  although  the  quantity  obtained  by  a  discharge  from  the 
former  is  occasionally  somewhat  greater  than  that  discharged  by 
the  latter.  Now,  since  there  is  a  general  law  in  electricity  by  which 
we  are  enabled  to  understand  that  the  fluid  cannot  be  transmitted 
from  one  body  to  another,  unless  the  former  be  positive  to  the  lat- 
ter, it  becomes  obvious  that  the  exploring  ^irea  in  the  kite  string 
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must  have  been  negative  electrical  to  the  atmosphere,  prior  to  their 
receiving  their  respective  charges  from  it ;  and  as  tnose  electric 
charges  were  not  communicated  to  the  wires  prior  to  their  ascent,  it 
is  obvious,  also,  that  they  were  received  from  those  portions  of  air 
through  which  they  ascended,  and  eventually  from  those  regions 
which  were  invaded  by  their  highest  points.  And  since  the  elec- 
tric charges  are  found  to  be  the  highest  from  the  highest  altitudes 
the  electric  pressure  is  also  greater  in  those  places :  hence  the  ex- 
ploring wires  become  electro-polar,  having  their  lower  and  upper 
MTtSfPOiitive  and  negative  respectively.  And  since  the  circumam- 
bient pressure  at  the  lower  ends  of  the  wires  is  uniform,  the  electric 
state  which  each  wire  displays  will  depend  on  the  electric  state  of 
the  air  surrounding  its  highest  point ;  and  consequently,  the  relative 
electric  actions  exhibited  by  the  lower  ends  of  the  kite  strings  are 
true  representatives  of  the  relative  electric  conditions  of  those  strata 
of  air  in  which  the  kites  were  floating. 

The  same  fact  may  be  proved  by  the  opposite  process.  If,  for 
instance,  from  a  balloon  at  a  great  altitude,  several  insulated  wires 
of  different  lengths,  were  to  be  let  down  by  weighting  the  lower 
extremities,  each  wire  would  be  found  negative  electrical  with  res- 
pect to  the  balloon  itself,  and  consequently  with  respect  to  its  con- 
tents and  the  surrounding  air.  The  shortest  wire,  in  this  case, 
would  be  the  least  electrical,  and  the  longest  one  the  most  electrical 
in  the  series ;  and  every  one  in  the  series  would  be  negative  elec- 
trical on  some  function  of  its  length,  no  two  of  them  being  alike. 
Hence,  if  the  longest  wire  touched  the  ground,  it  would  be  negative 
to  the  whole  of  the  remaining  part  of  the  series.  By  this  process, 
as  decidedly  as  by  that  with  the  kites,  the  wires  would  become  elec- 
tro-polar ;  and  because  the  lower  extremities  of  all  the  wires  would 
be  subjected  to  a  less  degree  of  electric  pressure  than  that  investing 
their  upper  extremities ;  the  lower  pole  of  each  wire  would  be  elec- 
tro-positive. The  polar  action,  however,  would  be  of  different 
degrees  of  intensity,  and  consequently,  the  lower  ends  of  the  wires 
would  relatively  display  different  electric  states  ;  being  positive  and 
negative  throughout  the  series.  The  lowermost  wire  (if  insulated 
from  the  ground)  being  positive,  and  the  uppermost  one  negative  to 
all  the  rest.  Hence  we  understand,  that  it  is  a  matter  of  no  conse- 
quence whether  the  wires  proceed  from  one  common  station  r/oion- 
wards,  or  from  one  conunon  station  upwards,  they  will,  in  either 
case,  be  relatively  positive  and  negative  accordingly  with  their  res- 
pective lengths,  when  in  a  vertical  position. 

Again,  since  the  different  (fe^rees  of  polarity,  or  different  electric 
states  of  the  extremities  of  the  wires,  depend  upon  different  degrees 
of  electric  pressure  at  the  upper  and  lower  stations,  it  is  obvious  that 
if  the  pressure  was  equal  from  one  end  of  the  wire  to  the  other,  no 
electro-polarity  could  possibly  take  place.  Moreover,  since  no  elec- 
tric discharge  can  possibly  happen  independently  of  polarity,  we 
learn  the  reason  why  balloons  have  passed  with  impunity  through 
dense  clouds    highly  charged  with    the  electric  matter  (thunder 
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clouds),  not  experiencing  even  the  slightest  indication  of  electric 
action ;  excepting,  perhaps,  the  unpleasant  sensation  which  the 
aeronaut  might  experience  from  the  great  circumambient  eleetric 
pressure. 

It  is  to  the  same  cause  that  the  want  of  action  was  discemable 
by  the  Scruiator  in  the  interior  of  Beccaria's  eleotrieal  toell,  and 
by  Dr.  Faraday  whilst  living  in  an  electrical  cage.  Both  were 
surrounded  by  equable  electric  pressures,  and  consequently  where 
no  electric  phenomena  could  happen. 

I  have  already  informed  yoo,  mat  the  quantity  of  electric  matter 
in  bodies  generally,  is  almost  continually  varying,  from  the  ever- 
varying  surrounding  electric  pressure;  and  that  different  bodies 
have  different  degrees  of  susceptibility  for  the  reception  of  the  elec- 
tric fluid.  Hence  it  will  be  easy  to  conceive  that  any  insulated 
body  of  ^reo/ dimensions,  would  receive  a  greater  quantity  of  the 
electric  fluid  than  a  small  one  of  the  same  kind,  wnen  both  were 
under  the  same  degree  of  pressure.  Hence  it  is,  that  a  long  insulated 
copper  wire  stretched  horizontally  at  the  height  of  a  few  yards  from 
the  ground,  will,  occasionally,  even  when  no  cloud  is  present,  re- 
ceive a  considerable  charge,  sufficient,  indeed,  to  communicate 
powerful  shocks,  from  the  surrounding  air;  although  a  very  short 
piece  of  the  same  wire,  would  never  receive  an  appreciable  charge 
under  any  circumstance  of  surrounding  pressure  in  a  cloudless  sky. 
But  it  must  be  observed,  that  such  a  wire  being  surrounded  by  an 
equable  electric  pressure,  cannot  possibly  become  electro-polar,  and 
consequently,  could  not  dispose  of  any  of  its  charge  to  a  vicinal  in- 
sulated wire  of  the  same  kind,  whedier  the  lengths  were  equal  or 
unequal ;  unless,  indeed,  the  latter  wire  had  not  been  exposed  to  the 
same  pressure  for  a  sufficient  period  of  time,  to  receive  all  the  fluid 
due  to  its  susceptibility  of  being  charged  with  from  that  pressure. 

Now,  although  no  wire  could  dispose  of  any  part  of  such  a 
natu  ral  charge  of  the  electric  fluid  to  another  of  the  same  kind 
and  similarly  situated,  the  distribution  of  its  fluid  would  suffer  a 
change  by  the  approach  of  the  other  wire  in  certain  manners.  If, 
for  instance,  the  two  wires  approached  one  another  longitudinally, 
until  they  came  close  together,  and  laid  side  by  side  from  one  end 
to  the  other.  Under  these  circumstances,  the  fluid  previously 
occupying  those  parts  of  the  two  surfaces,  which,  after  contact,  forms 
the  plane  of  contact  of  the  wires,  would  become  displaced  by  mutual 
repulsion ;  and  aAer  a  moment's  disturbance  of  the  whole  of  the 
fluid  in  both  wires,  a  new  distribution  and  electro-equilibrium  would 
be  established. 

With  respect  to  the  approach  of  insulated  matter  of  other  kinds, 
to  that  constituting  the  insulated  wire,  it  is  obvious  that  electrical 
pehenomena  would  be  displayed  in  consequence  of  a  difference  of 
electric  pressures  which  the  bpdies  would  exercise  on  each  other 
as  the  surfaces  approach.  If  the  isip  preaching  body  were  uninsulated, 
a  polarization  would  take  place,. whatever  were  the  character  of  that 
body  ;  because  the  electric  pressure  on  the  wire  would  be  lessened 
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at,  and  about  the  point  approached:  it  would  there  exhibit  a  pasi- 
tine  pole ;  and  if  the  body  approached  near  enough,  a  discharge  fiom 
the  wire  would  take  place,  the  force  of  which  would  be  proportional 
to  the  extent  of  the  wire  and  the  electric  pressure  of  the  surround- 
ing aerial  medium  at  that  time ;  and  as  that  pressure  is  continually 
varying,  the  charge  in  the  wire  will  vary  also.  Therefore  the  same 
wire  cannot  be  charged  to  the  same  extent  at  all  times,  which  is  a 
fact  weir  ascertained  by  several  electricians  of  the  highest  repute. 
From  the  whole  of  these  circumstances,  a  long  insulated  wire  appears 
to  be  well  adapted  for  an  important  part  of  an  electro-phorasoope, 
which  would  indicate  the  changes  of  electric  pressure  in  the  lower 
strata  of  the  atmosphere,  under  a  cloudless  sky ;  and  as  such  a  wire 
would  always  represent  the  electrical  state  of  that  stratum  of  air  in 
which  it  was  suspended,  it  would  also  form  an  important  part  of  an 
eUetrO'-metaboliascope, which  would  indicate  those  changes  from  pius 
to  minus,  and  vice  versa,  of  the  air,  with  respect  to  the  earth,  which 
occasionally  take  place  by  the  approach,  transit,  and  departure  of 
clouds. 


On  the  Induction  from  the  Discharge  of  the  Battery, 
By  M.  Ch.  Matteucci.* 

When  I  undertook  the  study  of  the  secondary  current  developed 
l>y  induction,  by  means  of  a  current  front  the  Ley  den  jar,  I  took  as 
a  measure  of  the  direction  and  of  intensity  of  this  current,  the  degree 
and  direction  of  the  magnetism  which  it  developes  in  a  steel  needle 
which  is  contained  in  a  cylindrical  spiral  dextrorsum  traversed  by 
this  current  of  induction.  M.  Henry  and  M.  Marianini,  who  were 
occupied  at  the  same  time  in  the  study  of  this  phenomcDon,  have 
employed  the  same  means;  M.  Marianini  alone  made  use  of  tempo- 
rary magnetism.  Without  knowing  the  works  of  each  other,  we  have 
published  our  results,  and  they  are  found  to  agree  perfectly.  These 
results  may  be  reduced  to  the  following : — ^Firstly  ;  If  the  discharge  is 
feeble,  the  secondary  current  is  directed  in  an  inverse  direction  to 
the  current  of  the  jar :  in  all  other  cases  it  has  the  same  direction 
as  the  latter.  Secondly :  If  the  two  currents  are  removed  from  each 
other,  we  always  arrive  at  a  certain  distance  at  which  the  secondary 
current  is  iound  to  be  reversed.  Thirdly :  Any  intermediate  metallic 
plates  destroy  the  secondary  current  by  beginning  to  produce  it  in 
an  inverse  direction,  and  at  the  same  time  the  secondary  current 
travelling  in  the  same  direction  as  that  of  the  jar,  traverses  the  plate. 
M.  Reiss  has  also  studied  this  same  subject,  making  use  of  a  ther- 
•moscope  to  measure  the  intensity  of  the  secondary  current  He 
obtained  some  remarkable  results,  which  may  in  some  measure  be 
resolved  into  those  which  we  obtained.     This  philosopher  accuses 
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the  process  frhich  we  employed  to  determiQe  the  direction  of  the 
carrent,  of  uncertainty,  in  referring  to  the  beaatiful  work  of  M.  Savary, 
which  proves  how  the  direction  and  the  degree  of  magnetization  are 
Tariable  in  circumstances  which  have  not  yet  been  subjected  to  any 
general  law. 

Since  my  first  researches  I  have  reflected  a  good  deal  on  the  re- 
sults of  M.  Savary ;  and  it  will  be  seen  in  my  memoir,  that  by  employ- 
ing very  feeble  discharges  and  very  long  circuits,  I  have  endeavoured 
to  place  myself  iu  conditions  in  which  the  magnetic  action  of  the 
current  no  longer  presents  anomalies.  I  persist  in  believing  that 
the  indication  of  magnetism  is  always  correct  for  measuring  the 
intensity  and  the  direction  of  the  current  I  hope  that  ere  long  it 
will  not  fail  to  be  proved.  I  believe  this  process  to  be  more  sensitive 
than  all  the  others  which  we  have  employed,  and  capable  of  indi- 
cating to  us,  in  the  duration  and  force  of  the  current,  many  variar 
tions  which  escape  other  methods.  I  have  at  all  times  been  clesiroos 
of  trying  if  the  galvanometer  might  be  employed  in  these  researches ; 
I  have  taken  for  this,  Gourjon's  galvanometer,  such  as  Meltoni  em- 
ployed in  his  researches  on  heat.  1  have  always  employed  my  two 
spiral  planes,  each  of  which  is  composed  of  twenty-three  metres  of 
copper  wire.  These  two  spirals  are  brought  very  near  to  each  other, 
and  are  only  separated  by  a  plate  of  very  thin  glass.  It  is  with  this 
apparatus  that  1  have  obtained  for  the  first  time  very  brilliant  sparks  of 
induction,  by  employing  one  of  the  smallest  Ley  den  jars  that  can  be 
made  with  a  smelling  bottle.  I  soon  perceived  that,  in  order  to  have 
signs  from  the  galvanometer,  it  would  be  necessary  to  employ  a 
battery.  The  batteries  that  I  have  employed  consisted  of  4, 8,  10, 
or  12  jars,  and  had  0  ••  %  3864,  0  -• « ,  6828,  0  -■  %  9660,  2  -•  '•,  162, 
of  coated  surface. 

Before  detailing  the  results  which  I  obtained,  I  confess  that,  par- 
ticularly with  charges  of  a  very  slight  degree  of  tension,  I  have 
always  seen  a  spark  escape  in  the  circuit  of  the  galvanometer.  It 
would  have  been  necessary  to  employ  a  galvanometer  the  wire  of 
which  was  well  covered  with  varnish,  like  those  of  Colladen.  I  ob- 
tained very  constant  numbers,  but  I  still  refrain  from  giving  them 
as  invariable,  and  as  establishing  a  law  numerically  expressed.  The 
spark  which  is  given  out  in  the  circuit  of  the  galvanometer  ought 
always  to  destroy  a  portion  of  the  action  of  the  current,  and  this 
portion  ought  to  be  variable  in  each  case.  With  a  battery  of  twelve 
jars  I  have  obtained  the  following  numbers : — 


Tenidon  of  the  Battery. 

Deflection 

10^ 

4« 

20 

8 

30 

12 

40 

16 

The  direction  of  the  secondary  current  is  always  the  same  as  that  of 
the  current  of  the  jar,  which  goes  from  the  surface  which  communi- 
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cates  with  the  conductor  of  the  machine,  to  the  other  which  commu- 
nicates with  the  ground.  Moreover,  if  we  charge  this  battery  up  to 
the  point  where  we  perceive  the  noise  of  the  spontaneous  discharge, 
the  needle  of  the  galvanometer  is  pushed  on  to  90^.  I  have  com- 
pared the  effects  of  two  batteries  of  four  and  of  eight  bottles,  for  the 
same  degree  of  tension,  and  I  obtained  for  the  secondary  currents 
the  following  numbers : — 


Tension. 

With  4  botUes. 

With  8  bottles 

10«* 

3« 

4*=> 

20 

4  ex. 

7  ex. 

30 

6 

9 

40 

8 

10 

50 

10 

16 

The  direction  being  still  the  same  as  in  the  preceding  case.  We  see 
clearly  that  the  intensity  of  the  secondary  current  increases  with  the 
tension  and  with  the  quantity  of  electricity  which  is  discharged 
through  the  primitive  circuit.  If  we  make  the  distance  between  the 
two  spirals  to  vary,  the  secondary  current  does  not  change  its  direc- 
tion ;  it  becomes  enfeebled  with  rapidity,  and  is  reduced  to  zero  ;  but 
we  never  obtain  an  inverse  current,  as  is  indicated  by  the  process  of 
magnetizing  employed  with  very  feeble  discharges.  Here  are  some 
of  the  numbers ;  the  charge  was  from  eight  jars,  and  constantly  at 
40°  of  tension : — 

Distance  between  the  two  spirals.  Deflection  of  the  galvanometer. 
0-,003  17« 

0    ,01  9  ex. 

0    ,02  8 

0    ,06  4 

0    ,  12  Zero. 

In  order  to  establish  the  law  which  ought  to  connect  the  direction 
of  this  secondary  current  of  the  Leyden  jar  with  the  effects  of  voltaic 
induction  discovered  by  Faraday,  I  have  attempted  to  multiply  the 
number  of  spirals,  in  order  to  oblige  the  secondary  current  to  become 

frimitive  in  another  circuit  The  experiment  succeeded  very  easily, 
constructed  three  pairs  of  spiral  planes  of  the  same  copper  wire, 
and  of  the  same  length  as  the  two  preceding  spirals.  This  is  a  very 
remarkable  experiment  of  uniting  the  functions  of  these  three  pairs 
of  spirals  in  such  a  manner  as  to  obtain  the  spark.  The  disposition 
of  the  experiment  is  very  simple :  we  add  to  the  second  spiral — that 
is  to  say,  to  that  in  which  the  primary  induction  takes  place — another 
spiral,  and  at  a  certain  distance.  A  fourth  spiral  is  placed  like  the 
second  and  the  first,  in  face  of  the  third.  To  this  fourth  spiral  we 
again  add  a  fifth,  and  in  face  of  this  latter  we  put  as  for  the  second 
and  third,  a  sixth  spiral.  We  dispose  the  circuit  in  such  a  manner 
that  there  is  an  interruption  in  the  circuit  of  the  second  and  third, 
another  in  that  of  the  fourth  and  fifth,  and  then  a  latter  one  in  that 
of  the  sixth.     It  is  sufficient  if  we  cause  to  pass  the  discharge  from 
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a  Tery  small  jar  through  the  first  circuit,  to  make  instantly  visible 
at  all  points  of  interruption  a  spark  which  seems  everywhere  to  have 
the  same  strength  and  lustre.  My  first  researches  have  been  directed 
with  the  end  of  establishing  the  direction  of  the  different  currents, 
induced  and  inducing  at  the  same  .time.  I  commenced  with  two 
pairs  of  spirals,  and  employing  two  galvanometers  in  communication 
with  the  second  and  with  the  fourth  spiral.  My  experiments  have 
been  made  with  the  battery  of  twelve  jars,  from  LO^  up  to  40^  of 
tension.  The  pairs  of  spirals  were  only  separated  by  a  plate  of  very 
thin  glass.  The  following  table  presents  the  results  of  my  experi- 
ments, which  I  have  repeated  several  times  with  M.  Pacinotti,  my 
colleague,  who  has  considerably  aided  me  in  these  researches.  (Fig.  1). 
When  we  employ  three  pairs  of  spirals  in  place  of  two,  the  results 
with  the  same  discharges  are  produced  in  the  same  direction.  ( Fig.  2). 
We  see  very  easily  that  when  the  induced  current  becomes  an  induc- 
tor, the  current  which  it  develops  is  always  directed  as  it  would  be 
if  the  induction  was  produced  by  a  voltaic  current  which  originates 
it ;  that  is  to  say,  that  the  direction  is  the  inverse  of  that  of  the  in- 
ducing current.  This  is  precisely  the  contrary  of  that  which  happens 
to  the  first  current  of  induction  which  the  discharge  produces :  the 
current  of  induction  has  the  same  direction  as  the  inducing  current ; 
it  acts^  consequently,  as  a  voltaic  current  which  intermits. 

I  wished  to  study  the  relations  of  intensity  of  these  different  cur- 
rents of  induction.  I  always  give  the  numerical  results,  still  being 
a  little  di£Bdent  of  the  correctness.  At  first  the  needles  of  the  galva- 
nometer lose  much  of  their  degree  of  magnetism  by  the  effect  of  these 
currents,  and  there  is  always  some  little  spark  which  explodes.  It 
is  for  this  reason  that  in  all  these  experiments  1  have  never  taken 
notice  of  any  result  without  ascertaining  whether,  in  reversing  the 
position  x>f  the  extremities  of  the  galvanometer,  the  direction  of  the 
deflection  was  equally  reversed.  By  employing  the  same  galva- 
nometer successively  united  to  the  spirals  2,  4,  6,  and  with  the  same 
charge  of  10^  I  obtained  7^  ex.,  3^,  1^.  These  numbers  give  the 
intensity  for  the  current  of  induction  of  the  first,  second,  and  third 
order. 

It  was  important  to  study  the  direction  of  the  current  when  the 
spark  was  given  out  in  the  secondary  circuit.  Having  made  some 
trial  with  the  galvanometer,  I  found  that  the  deviation  was  hardly 
sensible  in  this  case,  and  that  even  when  discharging  my  jars  directly, 
the  deviation  was  not  so  great  as  with  my  currents  of  induction.  I 
employed,  in  place  of  the  galvanometer,  a  very  simple  process  which 
was  suggested  to  me  by  M.  Pacinotti.  It  is  that  of  the  hole  which 
the  electric  spark  always  makes  in  paper  near  to  the  negative  point 
The  apparatus  is  very  simple,  very  sensitive,  and  constant  in  its  re- 
sults. By  interrupting  my  circuit  of  the  second  and  third  order,  I 
had  sparks  of  induction  which  yet  made  a  very  visible  perforation. 
I  took  two  plates  of  pewter  terminating  in  a  point  I  pasted  them,, 
one  above  and  the  other  underneath  a  morsel  of  common  paper,, 
leaving  the  two  points  at  two  millimetres  distance  between  each  oUier 
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When  the  spark  was  given  out  a  hole  was  fonnd  at  the  negative  ex- 
tremity. Ordinarily  we  obtain  another  sign  equally  constant.  It  is 
that  of  a  black  stain  near  the  positive  point.  In  a  very  great  number 
of  experiments  that  I  have  made,  the  phenomenon  of  the  hole  at  the 
negative  point  has  always  been  constant ;  the  other  sign  very  rarely 
fails.  I  then  disposed  several  of  these  pieces  of  apparatus  in  my  spirals ; 
that  is  to  say,  at  the  second,  at  the  fourth,  and  at  the  sixth  spiral.  We 
see  in  every  place,  with  a  discharge  of  10^  of  the  battery  of  twelve  jars, 
that  the  hole  is  formed,  and  the  direction  of  the  different  currents  of 
induction  may  be  seen  very  readily  in  the  following  tables.  (Figs.  3 
&  4).  The  law  of  the  direction  of  the  currents  of  induction  produced 
by  the  discharge  of  the  battery,  and  of  currents  of  induction  which  the 
induced  currents  develope,  is  evident.  When  the  secondary  circuit 
is  open,  and  there  is  a  spark,  the  secondary  current  is  directed  in  an 
inverse  direction  to  the  primary  current,  and  this  result  is  verified  for 
the  same  current  of  the  jar.  In  fact,  the  first  current  of  induction 
has  a  direction  opposite  to  that  which  it  has  when  the  circuit  is 
closed.  The  induction  is  then  subject  to  the  same  law  as  voltaic 
currents  at  the  commencement  of  their  action.  We  can  see  what 
happens  when  we  compare  closed  circuits  with  those  which  are 
broken.  We  find  everywhere  verified  that  which  we  saw  occur  to 
the  first  secondary  current :  if  the  circuit  is  closed,  the  secondary 
current  has  the  same  direction  as  the  current  of  the  jar.  I  here  give 
several  tables  which  evidently  prove  it,  and  the  results  of  which  have 
been  many  times  confirmed.  ( Figs.  6  and  6).  We  see,  then,  that  which- 
ever of  the  secondary  currents  it  is  that  we  take,  the  current  which  is 
developed  by  induction  is  always  in  the  same  direction  as  the  in- 
ducing  current,  if  its  circuit  is  closed,  tlie  other  being  open ;  or  if  its 
circuit  be  open,  the  other  being  closed.  If  we  hold  the  galvanometer 
in  the  open  circuit,  we  obtain  very  small  deflections,  and  hardly 
sensible  to  the  instrument  I  employed.  I  have  always  found  that 
when  the  two  ends  were  very  near  each  other,  the  needle  deviated, 
giving, the  same  indication  as  the  hole.  If  we  remove  the  points 
more  remote  from  each  other,  the  indication  of  the  galvanometer 
will  appear  reversed.  This  is  a  subject  which  merits  a  profound 
study,  and  for  which  I  have  already  disposed  apparatus  with  M. 
Pacinotti.  Perhaps  the  galvanometer  falls  short,  in  this  case,  by  the 
inductive  actions  which  are  always  contrary  to  the  current  which  is 
commencing,  and  similar  to  the  current  which  is  ceasing,  not  being 
separated.  This  is  a  question  which  we  may  perhaps  resolve  when 
we  can  obtain  signs  of  induction  by  a  discharge  from  a  battery 
slowly  produced,  in  such  a  manner  as  to  see,  when  in  darkness,  a 
continued  current  of  light.  Hitherto  all  the  attempts  which  have 
been  made  to  accomplish  this  have  been  useless.  1  am  persuaded 
that  it  is  necessary  further  to  insulate  the  wire  of  the  galvanometer 
and  that  of  the  spirals. 

I  have  only  made  a  small  number  of  experiments  on  the  action  of 
interposed  plates  between  the  spirals.  At  first  I  said  that  if  we 
oblige  the  primitive  current  of  the  battery  to  produce  two  secondary 
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carrents,  by  placing  it  in  the  middle  of  two  spirals,  the  current  of 
iaduedon  which  it  developes  in  each  of  these  spirals  is  always  di- 
rected as  when  there  is  only  a  single  secondary  spiral,  and  the  inten- 
nty  of  the  current  is  equal  to  that  which  it  developes  when  we  suppress 
one  of  these  secondary  spirals.  One  of  these  secondary  spirals  has 
not  any  effect  on  the  enfeebling  of  the  secondary  current,  if  its  cir- 
cuit is  not  closed.  On  the  contrary,  if  we  put  in  contact  with  the 
secondary  spiral  another  spiral  closed,  in  such  a  manner  as  to  place 
it  between  the  spiral  which  is  traversed  by  the  discharge  from  the 
battery  and  another  precisely  similar,  the  secondary  current  has  the 
same  direction  as  it  would  have  without  this  spiral,  and  its  intensity 
appears  augmented. 

The  action  of  non-conducting  plates  interposed  is  nothing.  If 
we  employ  metallic  plates,  the  secondary  current  is  considerably  en- 
feebled, but  its  direction  is  not  changed.  It  is  thus  that  a  plate  of 
zinc  of  1^  millimeters  of  thickness  destroys  the  current  of  induction 
from  the  dischargeof  eight  jars  at  40%  and  at  the  distance  of  0",  01, 
between  the  two  spirals.  A  very  thin  plate  of  pewter  has  no  in- 
fluence on  this  discharge ;  it  requires  five,  one  on  the  other,  to  reduce 
the  deviation  to  5%  from  9%  when  it  was  without  plates.  A  plate  of 
silver  and  copper,  very  thin,  hindered  the  production  of  the  secondary 
current  It  appears,  then,  that  in  order  to  reduce  from  a  given 
quantity  the  property  which  the  current  possesses  of  producing  in- 
dttctioo,  it  is  necessary  to  interpose  a  metallic  plate  whose  thickness 
shall  be  in  inverse  ratio  to  its  conductibility. 

I  was  desirous  of  trying  if  it  was  posuble  to  obtain  any  signs  from 
the  galvanometer,  by  cutting  the  plate  of  pewter,  and  making 
the  two  points  of  the  cut  disc  touch  the  two  wires  of  the  gal- 
vanometer. I  could  obtain  nothing  with  the  strongest  discharges. 
This  is  sufficient  to  prove  the  great  superiority  of  the  process  of 
magnetism.  I  prepared  a  disc  of  pewter  whose  diameter  was  four 
times  greater  than  that  of  my  spirals.  By  soldering  the  wires 
united  with  the  cylindrical  spirals  in  different  parts  of  this  disc,  I 
obtained,  with  very  feeble  discharges,  a  strong  magnetization  on  the 
steel  needles  which  were  introduced  into  my  spirals. 

The  process  of  magnetizing  merits  a  more  profound  study. 
Hitherto  I  have  not  been  able  to  obtain  any  signs  of  action  in  the 
galvanometer  with  the  discharge  from  a  small  bottle  which  constantly 
gives  a  secondary  current  capable  of  magnetizing,  as  a  voltaic  cur- 
rent would  do,  directed  in  a  contrary  direction  to  the  current  from 
the  jar  or  bottle.     This  fact  is  constant. 

Pise  an  Cabinet  d'  Phys.  del  University, 
10  Fevrier,  1841. 

[Note. — The  tables  and  figures  referred  to,  are  not  in  the 
original ;  and  therefore  some  mistake  roust  have  occurred  in  the 
printing  of  it. — Edft.] 
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On  some  pecuKar  Phenomena  exhibited  m  a  Solution  of  Nitrate 
of  Silver,  traversed  by  an  '  Electric  Current.  By  M .  C. 
Matteucci* 

In  a  former  memoir  I  have  described  the  following  fact.  When 
an  electric  current  is  transmitted  through  a  solution  of  nitrate  of 
silver,  a  black  flocculent  matter  is  deposited  on  the  negative  platinum 
terminal;  but  which  becomes  instantaneously  transformed  into  a 
silvery  appearance  whenever  it  falls  from  the  terminal  into  the 
liquid,  or  when  the  current  ceases  to  be  transmitted. 

The  production  of  these  phenomena  can  be  accomplished  only 
under  certain  circumstances.  If  the  solution  be  strong,  the  silver 
is  always  liberated  in  a  very  well  crystallised  state :  and  it  is  only 
by  employing  a  very  dilute  solution  that  we  succeed  in  producing 
the  above  described  phenomena.  If  the  solution  be  of  100  water 
to  1  of  nitrate  of  silver,  the  black  flocculent  matter  is  readily  pro- 
duced :  but  when  the  water  is  in  greater  proportion,  it  no  longer 
appears.  Its  production  also  depends  upon  tbe  power  of  the  current, 
which  must  be  stronger  as  the  solution  is  less  cnarged  with  the  salt 

Whether  the  silver  be  liberated  in  the  flocculent  or  in  the  crystal- 
line state,  the  quantity  does  not  vary  to  a  sensible  extent ;  being 
equal  to  that  obtained  by  calculation  founded  on  the  quantity  of 
water  decomposed  in  another  part  of  the  same  electric  current 
When  a  portion  of  the  transformed  silvery  matter  is  placed  between 
the  platinum  terminals  in  a  solution  of  nitrate  of  silver,  those  parts 
of  it  near  to  the  positive  terminal  become  blackened,  but  suffer  no 
change  by  the  current  when  similarly  situated  in  liquids  containing 
no  nitrate  of  silver;  though  a  single  drop  of  the  nitrate  in  them 
would  cause  the  blackness  to  appear. 

The  black  matter  is  transformed  to  the  silvery  white  state  when- 
ever the  platinum  terminal  to  which  it  is  attached  is  shaken  in  the 
liquid ;  but  returns  to  its  blackness  by  letting  fall  upon  it  a  stream 
of  a  similar  nitrate  solution.  If,  whilst  still  attached  to  the  negative 
platinum  on  which  it  was  formed,  the  black  flocculent  matter  be 
transferred  to  a  strong  solution  of  nitrate  of  silver,  it  sufiers  no 
change  by  the  new  current,  but  becomes  covered  with  crystallised 
silver,  which  forms  upon  it  in  the  same  manner  as  it  would  appear 
on  the  platinum  terminal  alone. 

The  formation  of  the  black  matter  occurs  whether  the  terminals 
in  the  solution  be  four  inches  or  only  one  inch  apart  If  a  slip  of 
glass  be  placed  between  them  the  deposit  will  be  wnite :  but  becomes 
black  when  the  glass  is  removed.  This  fact,  I  think,  is  attributable 
to  the  different  degrees  of  intensity  which  the  current  assumes  by 
the  presence  or  absence  of  the  glass ;  for,  as  the  deposited  matter 
which  forms  is  black,  with  great  distances  between  the  terminals, 
the  absence  of  all  colour  when  the  glass  interposes,  cannot  be  attri- 
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boted  to  any  action  which  the  polar  prodacts  exercise  on  one 
another;  which,  under  soch  circomstances^  coald  not  happen. 

Acetate  of  silver,  when  dissolved  in  a  large  proportion  ot  water, 
affords  the  same  phenomena  as  the  nitrates :  and  they  as  uniformly 
appear  when  to  the  solution  an  excess  of  the  nitric  and  sulphuric  acid 
has  been  added.  We  might  suppose  that  the  black  deposited  matter 
is  composed  of  oxide  of  silver  which  is  protected  by  the  transmission 
of  the  current;  but  which,  when  the  current  ceases  to  flow,  imme- 
diately assumes  the  metallic  state.  This,  however,  is  an  hypothesis 
which  must  be  considered  asperfectly  gratuitous,  for  I  must  confess 
that,  hitherto,  I  am  unable  to  account  satisfactorily  for  the 
phenomena. 

Pisa,  July,  1871. 


Historical  Sketch  of  Professor  Schoenbein*s  Experiments  on  a  peculiar 

Voltaic  Condition  of  Iron.* 

The  first  series  of  these  experiments  on  record  that  we  are  ac- 
quainted with,  are  described  in  a  letter  to  Dr.  Faraday,  dated  BUe, 
May  17,  1836.     They  are  as  follow  : — 

"  If  one  of  the  ends  of  an  iron  wire  be  made  red  hot,  and  after 
cooling  be  immersed  in  nitric  acid,  sp.  gr.  1*35,  neither  the  end  in 
question  nor  any  other  part  of  the  wire  will  be  affected,  whilst  the 
add  of  the  said  strength  is  well  known  to  act  rather  violently  upon 
common  iron.  To  see  how  far  the  influence  of  the  oxidized  end  of 
the  wire  goes,  I  took  an  iron  wire  of  50'  in  length  and  O^'^'d  in  thick- 
ness, heated  one  of  its  ends  about  3^'  in  length,  immersed  it  in  the 
acid  of  the  strength  above  mentioned,  and  afterwards  put  the  other 
end  into  the  same  fluid.  No  action  of  the  acid  upon  the  iron  took 
place.  From  a  similar  experiment  made  upon  a  cylindrical  iron  bar 
of  16'  in  length  and  4:"'  diameter,  the  same  result  was  obtained.  The 
limits  of  this  protecting  influence  of  oxide  of  iron  with  regard  to 
quantities  I  have  not  yet  ascertained ;  but  as  to  the  influence  of  heat, 
I  found  that  above  the  temperature  of  about  75°  the  acid  acts  in  the 
common  way  upon  iron,  and  in  the  same  manner  also,  at  common 
temperatures,  when  the  said  acid  contains  water  beyond  a  certain 
quantity,  for  instance,  1,  10,  100,  and  even  1000  times  its  volume. 
By  immersing  an  iron  wire  in  nitric  acid  of  sp.  gr.  1*5  it  becomes 
likewise  indifferent  to  the  same  acid  of  1*35. 

"  But  by  far  the  most  curious  fact  observed  by  me  is,  that  any  num- 
ber of  iron  vrires  may  be  made  indifferent  to  nitric  acid  by  the  fol- 
lowing means.  An  iron  wire  with  one  of  its  ends  oxidized  is  made 
to  touch  another  common  iron  wire ;  both  are  then  introduced  into 
nitric  acid  of  sp.  gr.  1  '35,  so  as  to  immerse  the  oxidized  end  of  the 
one  wire  first  into  the  fluid,  and  to  have  part  of  both  wires  above  the 
level  of  the  add.  Under  these  circumstances  no  chemical  action 
upon  the  wires  will  take  place,  for  the  second  wire  is^  of  course,  but 
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a  continuation  of  that  provided  with  an  oxidized  end.  But  no  action 
occurs,  even  after  the  wires  have  been  separated  from  each  other. 
If  the  second  wire,  having  become  indifferent,  be  now  taken  out  of 
the  acid,  and  made  to  touch  at  any  of  its  parts,  not  having  been  im- 
mersed, a  third  wire,  and  both  again  introduced  into  the  acid  so  as  to 
make  that  part  of  the  second  wire  which  had  previously  been  in  the 
fluid  enter  first,  either  of  the  wires  will  be  acted  upon  either  during 
their  contact  or  after  their  separation.  In  this  manner  the  third  wire 
can  make  indifferent  or  passive  a  fourth  one,  and  so  on. 

*'  Another  fact,  which  has  as  yet,  as  far  as  I  know,  not  been  ob- 
served, is  the  foUowing  one.  A  wire  made  indifferent  by  any  of  the 
means  before  mentioned  is  immersed  in  nitric  acid  of  sp.  gr.  1*35, 
so  as  to  have  a  considerable  part  of  it  remaining  out  of  the  fluid  ; 
another  common  wire  is  put  into  the  same  acid,  likewise  having  one 
of  its  ends  rising  above  the  level  of  the  fluid.  The  part  immersed 
of  this  wire  will,  of  course,  be  acted  upon  in  a  lively  manner.  If 
the  ends  of  the  wires  which  are  out  of  the  acid  be  now  made  to  touch 
one  another,  the  indifferent  wire  will  instantly  be  turned  into  an  ac- 
tive one,  whatever  may  be  the  lengths  of  the  parts  of  the  wires  not 
immersed.  (If  there  is  any  instance  of  chemical  affinity  being  trans- 
mitted \n  the  form  of  a  current  by  means  of  conducting  bodies,  I 
think  the  fact  just  stated  may  be  considered  as  such.)  It  is  a  matter 
of  course,  that  direct  contact  between  the  two  wires  in  question  is 
not  an  indispensably  necessary  condition  for  communicating  chemical 
activity  from  the  active  wire  to  the  passive  one  ;  for  any  metal  con- 
necting the  two  ends  of  the  wires  renders  the  same  service. 

"  Before  passing  to  another  subject,  I  must  mention  a  fact,  which 
seems  to  be  one  of  some  importance.  An  iron  wire  curved  into  a 
fork  is  made  to  touch  at  its  bend  a  wire  provided  with  an  oxidized 
end ;  in  this  state  of  contact  both  are  introduced  into  nitric  acid  of 
sp.  gr.  1*85  and  80^,  so  as  first  to  immerse  in  the  acid  the  oxidized 
end ;  the  fork  will,  of  course,  not  be  affected.  If  now  a  common 
iron  wire  be  put  into  the  acid,  and  one  of  the  ends  of  the  fork  touched 
by  it,  this  end  will  immediately  be  acted  upon,  whilst  the  other  end 
remains  passive  ;  but  as  soon  as  the  iron  wire  with  the  oxidized  end 
is  put  out  of  contact  with  the  bend  of  the  fork,  its  second  end  is  also 
turned  active.  If  the  parts  of  the  fork  rising  above  the  level  of  the 
acid  be  touched  by  an  iron  wire,  part  of  which  is  immersed  and  active 
in  the  acid,  no  communication  of  chemical  activity  will  take  place, 
and  both  ends  of  the  fork  remain  passive  ;  but  by  the  removal  of  the 
iron  wire  (with  the  oxidized  end)  from  the  bend  of  the  fork,  this  will 
be  thrown  into  chemical  action. 

"  As  all  the  phenomena  spoken  of  in  the  preceding  lines  are,  no 
doubt,  in  some  way  or  other  dependent  upon  a  peculiar  electrical 
state  of  the  wires,  I  was  very  curious  to  see  in  what  manner  iron 
would  be  acted  upon  by  nitric  acid  when  used  as  an  electrode.  For 
this  purpose  I  made  use  of  that  form  of  the  pile  called  couronne  des 
tatsesy  consisting  of  fifteen  pairs  of  zinc  and  copper.     A  platina  wire 
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was  connected  with  (what  we  caB)  the  negative  pole  of  the  pile :  an 
iron  wire  with  the  positive  one.  The  free  end  of  the  platina  wire 
was  first  plunged  into  nitric  add  sp.  gr.  I'd5,  and  hy  the  free  end 
of  the  iron  wire  the  circuit  closed.  Under  these  circumstances  the 
iron  was  not  in  the  least  affected  by  the  acid ;  and  it  remained  indif- 
ferent to  the  fluid  not  only  as  long  as  the  current  was  passing  through 
it,  but  even  after  it  had  ceased  to  perform  the  function  of  the  positive 
electrode.  The  iron  wire  proved,  in  fact,  to  be  possessed  of  all  the 
properties  of  what  we  have  called  a  passive  one.  If  such  a  wire  is 
made  to  touch  the  negative  electrode,  it  instantaneously  becomes  an 
active  one,  and  a  nitrate  of  iron  is  formed,  whether  it  be  separate 
from  the  positive  pole  or  still  connected  with  it,  and  the  acid  be  strong 
or  weak. 

*'  But  another  phenomenon  is  dependent  upon  the  passive  state  of 
the  iron,  which  phenomenon  is  in  direct  to  contradiction  all  the 
assertions  hitherto  made  by  philosophical  experimenters.  The  oxy- 
gen at  the  anode  arising  from  the  decomposition  of  water  contained 
in  the  acid,  does  not  combine  with  the  iron  serving  as  the  electrode, 
but  is  evolved  at  it,  just  in  the  same  manner  as  if  it  were  platina,  and 
to  such  a  volume  as  to  bear  the  ratio  of  1  :  2  to  the  quantity  of  hydro- 
gen evolved  at  the  cathode.  To  obtain  this  result  I  made  use  of  an 
acid  containing  twenty  times  its  volume  of  water  ;  I  found,  however, 
that  an  acid  containing  400  times  its  volume  of  water  still  shows  the 
phenomenon  in  a  very  obvious  manner.  But  I  must  repeat  it,  the 
indispensable  condition  for  causing  the  evolution  of  the  oxygen  at  the 
iron  wire  is  to  close  the  circuit  exactly  in  the  same  manner  as  above 
mentioned.  For  if,  exempli  gratia^  the  circuit  be  closed  with  the 
negative  platina  wire,  not  one  single  bubble  of  oxygen  gas  makes  its 
appearance  at  the  positive  iron ;  neither  is  oxygen  given  out  at  it 
when  the  circuit  is  closed,  by  plunging  first  one  end  of  the  iron  wire 
into  the  nitric  acid,  and  by  afterwards  putting  its  other  end  in  con- 
nexion with  the  positive  pole  of  the  pile.  In  both  cases  a  nitrate  of 
iron  is  formed,  even  in  an  acid  containing  400  times  its  volume  of 
water ;  which  salt  may  be  easily  observed  descending  from  the  iron 
wire  in  the  shape  of  brownish-yellow  coloured  streaks. 

'*  I  have  still  to  state  the  remarkable  fact,  that  if  the  evolution  of 
oxygen  at  the  anode  be  ever  so  rapidly  going  on,  and  the  iron  wire 
made  to  t^mch  the  negative  electrode  wi^in  the  acid,  the  disengage- 
ment of  oxygen  is  discontinued,  not  only  during  the  time  of  contact 
of  the  wires,  but  after  the  electrodes  have  been  separated  from  each 
other.  A  few  moments  holding  the  iron  wire  out  of  the  acid  is,  how- 
ever, sufficient  to  recommunicate  to  it  the  property  of  letting  oxygen 
gas  evolve  at  its  surface.  By  the  same  method  the  wire  acquires  its 
evolving  power  again,  whatever  may  have  been  the  cause  of  its  loss. 
The  evolution  of  oxygen  also  takes  place  in  dilute  sulphuric  and 
phosphoric  acids,  provided,  however,  the  circuit  be  closed  in  the  man- 
ner above  described.  It  is  worthy  of  remark  that  the  disengagement 
of  oxygen  at  the  iron  in  the  last-named  acid  is  much  easier  stopped, 
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and  much  more  difficult  to  be  caused  again,  than  is  the  case  in  nitric 
acid.  In  an  aqueous  solution  of  caustic  potash,  oxygen  is  eyolved 
at  the  positive  iron,  in  whatever  manner  ^e  circuit  may  be  closed, 
but  no  such  disengagement  takes  place  in  aqueous  solutions  of  hydra- 
cids,  chlorides,  bromides,  iodides,  fluorides.  The  oxygen,  resulting 
in  tliese  cases  from  the  decomposition  of  water,  and  die  anion  (chlo- 
rine, bromine,  &c.)  of  the  other  electrolyte  decomposed  combine  at 
the  same  time  with  the  iron. 

**  To  generalize  these  facts,  it  may  be  be  said,  that  independently 
of  the  manner  of  closing  the  circuit,  oxygen  is  always  disengaged  at 
the  positive  iron,  provided  the  aqueous  fluid  in  which  it  is  immersed  do 
not  (in  a  sensible  manner)  chemically  act  upon  it ;  and  that  no  evo- 
lution of  oxygen  at  the  anode  in  contact  with  iron  under  any  circum- 
stances takes  place,  if  besides  oxygen  another  anion  is  set  free  pos- 
sessed of  a  strong  affinity  for  iron.  This  metal  having  once  had 
oxygen  evolved  at  itself,  proves  always  to  be  indifferent  to  nitric  acid 
of  a  certain  strength,  whatever  may  be  the  chemical  nature  of  the 
fluid  in  which  the  phenomenon  has  taken  place. 

**  I  have  made  a  series  of  experiments  upon  the  silver,  copper,  tin, 
lead,  cadmium,  bismuth,  zinc,  mercury,  but  none  showed  any  re- 
semblance to  iron,  for  slU  of  them  were  oxidized  when  serving  as 
positive  electrodes.  Having  at  this  present  moment  neither  cobalt 
nor  nickel  at  my  command,  I  could  not  try  these  magnetic  metals, 
which  I  strongly  suspect  to  act  in  the  same  manner  as  iron  does. 

'*  It  appears  from  what  I  have  just  stated  that  the  anomalous  bear- 
ing of  the  iron  has  nothing  to  do  with  its  degree  of  affinity  for  oxy- 
gen, but  must  be  founded  upon  something  else.  Your  sagacity, 
which  has  already  penetrated  into  so  many  mysteries  of  nature,  will 
easily  put  away  the  veil  which  as  yet  covers  the  phenomenon  stated 
in  my  letter,  in  case  you  should  tiiink  it  worth  while  to  make  it  the 
object  of  your  researches. 

"  Before  I  finish  I  must  beg  of  you  the  favour  of  overlooking  with 
indulgence  the  many  faults  I  have,  no  doubt,  committed  in  my  letter. 
Formerly  I  was  tolerably  well  acquainted  with  your  native  tongue ; 
but  now,  having  been  out  of  practice  in  writing  or  speaking  it,  it  is 
rather  hard  work  to  me  to  express  myself  in  English. 

**  It  is  hardly  necessary  to  say  that  you  may  privately  or  publicly 
make  any  use  of  the  contents  of  this  letter. 

"  I  am,  Sir,  your  most  obedient  Servant, 

"  C.  T.  SCHOENBEIN, 

"  Prof,  of  Chem.  in  the  University  of  Bile." 
"  Bftle,  May  17, 1886." 
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Further  Observations  on  the  Action  of  Nitric  Acid  upon  Iron.    By 

De.  Schoenbbik. 

I  HAYS  already  remarked  that  nitric  acid,  which  generally  attacks 
iron  with  Tiolence,  has  no  action  upon  an  iron  wire,  one  end  of  which, 
before  its  inunersion  in  the  acid,  has  been  heated  to  dullness.  From 
experiments  since  made,  I  find  that  the  action  is  dependent  on  the 
quantity  of  water  combined  with  the  acid.  This  quantity  I  have 
not  yet  accurately  ascertained,  but  I  find  that  acid  of  the  sp.  gr.  of 
1-36  dOuted  with  15, 30, 60, 120, 240,  480,  and  960  times  its  volume 
of  water,  attacks  an  iron  wire  heated  at  one  end  in  the  same  manner 
SA  when  not  heated,  and  that  the  oxidated  iron  falls  off  by  degrees 
into  the  add  without  being  dissolved  in  it. 

Diluted  nitric  acid  acts  upon  iron  wire  protected  by  platina  or 
gold  in  the  same  manner  as  when  the  end  of  the  wire  is  heated. 
Many  chemists  state  that  iron  is  not  acted  upon  by  ordinary  nitric 
acid  when  diluted  with  three  times  its  volume  of  water :  according 
to  my  experiments,  this  metal  is  sensibly  dissolved  by  nitric  acid 
dilated  with  1000  times  its  volume  of  water.  As  it  is  evident  that 
the  different  action  of  the  same  nitric  acid  on  iron  is  caused  by  a  cer- 
tain electrical  state  of  the  metal,  I  endeavoured  to  ascertain  its  nature 
by  making  an  iron  wire  the  positive  pole  of  a  voltaic  battery  set  in 
action  by  nitric  acid.     I  experimented  in  the  following  manner : — 

Nitric  acid,  of  sp.  gr.  1*36,  at  the  ordinary  temperature,  was  used 
in  a  circle  of  fifteen  plates,  with  a  voltaic  cup  apparatus  ;  at  the 
positive  pole  an  iron  wire,  and  at  the  negative  a  platina  wire,  dipped 
into  the  acid.  When  I  closed  the  circuit  with  the  negative  wire, 
the  iron  wire  was  acted  upon  as  usual ;  when  I  closed  it  with  the 
iron  wire,  by  first  dropping  one  end  in  the  nitric  acid,  and  then 
making  the  other  end  the  positive  pole  of  the  battery,  the  same  effect 
also  took  place  ;  but  when  I  closed  the  circuit  so  that  one  end  of  the 
iron  wire  was  first  united  with  the  positive  pole,  and  the  other  end 
afterwards  dipped  into  the  acid,  no  action  took  place  on  the  iron,  and 
it  possessed,  after  its  separation  from  the  positive  pole,  all  the  pro- 
perties which  it  had  by  heating,  or  when  protected  by  gold  and  pla- 
tina,— precisely  those  which  1  have  already  so  fully  stated  in  my 
former  paper.  I  heated  the  nitric  acid  used  in  the  circuit  to  nearly 
its  boiling  point  before  it  acted  upon  the  positive  iron  wire.  It  fol- 
lows, of  course,  that  under  these  circumstances  the  water  contained 
in  the  nitric  acid  was  decomposed.  No  hydrogen  gas  is  given  out 
at  the  negative  pole  from  strong  nitric  acid,  for  instance,  of  sp.  gr. 
1*36,  but  it  combines  with  a  part  of  the  oxygen  of  the  acid,  and  con- 
verts the  latter  into  nitrous  acid. 

At  a  temperature  of  70^  centigrade,  a  gas  is  given  out  at  the 
negative  platina  wire,  which  I  have  not  yet  particularly  examined, 
but  which  is  probably  deutoxide  of  nitrogen.     It  has  hitherto  been 
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considered  that  the  other  element  of  the  water,  the  oxygen,  combines 
with  the  positive  iron  wire,  and  forms  a  hydrate  with  the  .nitric  acid. 

If  the  circuit  is  so  formed  that  the  nitric  acid  has  no  action  upon 
the  iron  wire,  the  free  oxygen  does  not  combine  with  the  metal,  but 
is  given  off  in  a  gaseous  state,  precisely  as  when  silver,  gold,  or  pla- 
tina  wires  are  used.  This  is  not  only  the  case  with  acid  of  the  above 
strength,  but  also  with  acid  diluted  with  1,  10,  100,  and  even  400 
times  its  volume  of  water.  That  the  iron  is  not  partially  oxidated  is 
evident  from  its  unchanged  metallic  lustre,  as  also  from  the  propor- 
tions of  gas  given  off  at  both  wires,  which  I  found  according  to 
several  measurements  to  be  as  1  to  2.  If  the  two  wires  where  the 
water  is  being  decomposed  are  brought  for  a  few  seconds  into  con- 
tact (the  nitric  acid  being  diluted  with  about  ten  parts  of  water),  and 
then  again  separated,  oxygen  gas  is  no  longer  given  out  at  the  posi- 
tive iron  wire,  but  a  yeUow  nitrate  is  formed,  which  sinks  to  the 
bottom.  If,  however,  the  end  of  the  iron  wire  which  has  been  dipped 
into  the  nitric  acid  is  exposed  to  the  air  for  a  moment,  and  the  circuit 
then  closed,  oxygen  gas  is  again  given  off  from  the  iron.  If  the 
communication  is  broken  by  means  of  the  negative  wire,  and  again 
made,  after  a  few  seconds  oxygen  continues  to  be  given  out  at  the 
positive  iron  wire.  When  the  acid  is  very  much  diluted,  it  requires 
some  time  after  closing  the  circuit  before  the  oxygen  gas  appears. 
In  whatever  manner  the  giving  out  of  the  oxygen  gas  is  interrupted, 
it  always  recommences  if  the  iron  wire  is  exposed  for  a  short  time  to 
the  air,  and  the  circuit  then  formed  by  it  in  the  usual  way.  Exactly 
the  same  effects  take  place  when  diluted  sulphuric  or  phosphoric  acid 
is  substituted  for  nitric  acid. 

In  order  that  oxygen  gas  should  be  given  off  by  these  acids  at  the 
positive  iron  wire,  it  is  first  necessary  that  the  negative  pole  should 
be  in  communication,  by  means  of  a  wire,  with  the  decomposing 
fluid ;  that  one  end  of  Uie  iron  wire  should  be  in  contact  with  the 
positive  pole,  and  the  other  end  with  the  acid.  By  any  other  mode 
of  closing  the  circuit,  oxygen  gas  is  not  given  out,  even  when  the 
iron  wire  has  been  previously  dipped  in  diluted  sulphuric  or  phos- 
phoric acid.  The  giving  out  of  oxygen  gas  will  be  interrupted, upon 
bringing  the  wires  of  the  poles  into  contact  when  the  last-mentioned 
acids  are  used,  and  will  not  return  upon  exposure  of  the  iron  wire 
to  the  air.  No  oxygen  gas  is  given  out  at  the  positive  iron  wire 
when  subphosphorpus  or  phosphorous  acid  dissolved  in  water  is  sub- 
stituted, probably  because  it  combines  with  the  acid :  when  diluted 
alkalies  are  used,  oxygen  gas  is  giv^en  out  at  the  positive  end,  in 
whatever  way  the  circuit  may  be  closed.  During  my  experiments 
I  have  observed  many  other  singular  phenomena,  which  1  shall 
communicate  hereafter,  when  the  circumstances  under  which  they 
occurred  are  better  understood.  One  of  these,  however,  I  will  men- 
tion in  conclusion :  in  the  same  nitric  acid  in  which  a  platina  wire 
served  for  the  negative  pole,  a  quantity  of  hydrogen  gas  was  given 
off,  but  when  an  iron  wire  was  substituted  for  the  platina,  no  gas 
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appeared.     It  was  only  when  a  considerable  time  had  elapsed  after 
the  snbstitation  that  hydrogen  made  its  appearance. 

From  seyeral  of  the  above-mentioned  facts,  it  appears  that  the  law 
formerly  laid  down,  that  oxygen  gas  is  only  given  out  at  the  positive 
pole  of  a  batteiy  when  it  is  terminated  by  a  noble  metal,  does  not 
hold  good  ;  that  the  same  cause  which  renders  an  iron  wire  indifferent 
to  nitric  add,  prevents  the  oxidation  of  this  metal  during  the  decom- 
position of  water  by  means  of  the  galvanic  battery.  I  shall  not  for 
the  present  enter  farther  into  the  theory  to  be  deduced  from  these 
facts,  as  I  am  satisfied  many  further  researches  still  require  to  be 
made. 


New  Researches  on  the  Properties  of  Electric  Currents,  discontinued 
and  directed  cdtemaiely  in  contrary  directions.  By  Professor  M. 
A.  De  la  Rive.* 

It  is  now  three  years  since  I  published,  in  the  Memoires  de  la 
Sodete  de  Physique  et  d' Historic  NatureUe  de  Geneve,  some  re- 
searches  on  the  properties  of  magneto-electric  currents.  1  undertook, 
in  that  memoir,  the  task  of  making  a  more  profound  study  of  certain 
points,  and  of  analyzing,  better  than  I  had  been  able  to  do  in  the 
former  essay,  the  cause  of  some  of  the  phenomena  which  I  have 
there  described.  I  have  not  lost  sight  of  this  engagement,  and  I 
feel  myself  more  called  on  to  fulfil  it,  as  my  preceding  work  has 
been  the  object  of  some  critical  observations  on  the  part  of  a 
German  philosopher,  M.  Lenz,  to  which  observations  I  feel  de- 
sirous of  responding.  The  title  alone  which  I  give  to  the  memoir 
I  now  publish  is  already  a  response  ;  for  one  of  the  most  important 
objections  which  M.  Lenz  has  made  to  me  is,  as  will  be  seen, 
that  of  having  designated  the  currents  of  which  I  have  made 
use,  under  the  name  of  mayneto-electrical  currents,  and  of  having 
thus  attributed,  to  the  fact,  that  they  were  produced  by  magnets, 
an  influence  quite  peculiar  and  almost  mysterious.  Now,  as  I  shall 
hereafter  explain,  I  have  not  attached  any  other  importance  to  the 
denomination  magneto-electric,  than  that  of  indicating  clearly  what 
was  the  means  by  which  1  had  procured  the  currents  which  formed 
the  object  of  my  study.  I  know  very  well  the  circumstance  which 
characterised  and  distinguished  them  from  other  currents,  and  this 
is  the  fact  of  being  discontinued  and  directed  alternately  in  contrary 
directions.     It  is  this  double  character  which  appeared  to  me  to 

*  The  memoir  which  I  now  pnhliah  will  appear  at  the  same  time  in  the 
fint  part  of  tome  ix,  of  the  Memoiret  de  la  Sociiti  de  Physique  et  iT Historic 
NatureUe  de  Geneve,  under  the  title  of  tftme  chemical  phenomena  which  mani- 
feet  themselvee  under  the  action  of  electric  currents  devetoped  6y  induction.  I 
have  solely  made  some  additions  and  some  changes  of  form.  I  have  in  it 
also  retrenched  all  one  part,  which  I  intend  to  print  in  the  next  number  of 
the  jirehives  de  VEetrictte,  with  more  considerable  development  than  those 
which  I  have  given  in  the  memoir  to  which  I  have  just  referred. 
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give  to  this  species  of  currents  an  importance  of  which  experience 
has  to  me  confirmed  the  reality,  for  it  has  shown  me  that  the  em- 
ployment of  them  might  conduce  to  the  discovery  of  phenomena  of 
an  entirely  new  order,  and  of  a  true  interest  to  the  scientific  world. 

Currents  discontinued  and  directed  alternately  in  contrary  direc- 
tions may  be  deyeloped  by  many  different  methods,  and  not  only  by 
magnets.  It  becomes  oonyenient,  then,  to  designate  them  by  that 
which  constitutes  their  principal  character,  either  from  their  essence, 
so  to  speak,  or  rather  by  some  accessary  circumstance,  such  m  one 
of  the  manners  of  producing  them.  This  is  what  I  am  about  to  do 
at  present ;  and  I  do  it  much  more  willingly,  as  my  aim  is  precisely 
to  endeayour,  still  more  than  in  my  preceding  work,  to  extract  from 
among  my  experiments,  some  few  experiments  which  make  these 
currents  differ  from  the  ordinary  currents  of  the  yoltaic  pile,  with 
which  I  shall  be  called  to  compare  them. 

Before  entering  upon  the  exposition  of  the  new  experimental  re- 
searches which  I  haye  made,  I  shall  examine  the  critical  observations 
of  M.  Lenz,  and  endeavour  to  respond  to  them.  This  examination, 
and  these  responses,  which  have  naturally  led  me  to  take  up  again 
some  points  of  my  former  work,  will  serve  also  as  an  introduction  to 
that  part  of  this  second  memoir,  which  contains  the  new  researches. 

PART    FIRST. 

An  examination  of  the  Critical  Observations  ofM.  Lenz,  on  my  Me^ 
moir^  entitled  Researches  on  the  Properties  of  Magneto-Electrical 
Currents.* 

M.  Lenz  has  published  in  the  Annalen  der  Physih^  of  Pog^n- 
dorf  y-f-  some  observations  on  my  preceding  memoir  above  referred 
to  ;  he  has  classed  them  under  the  same  heads  as  my  researches  are 
classed.  I  shall  follow  exactly  the  same  order  in  &e  examination 
which  I  am  now  about  to  make. 

1.  General  Observations  on  Magneto^Electric  Currents. — M. 
Lenz  commences  by  combatting  the  opinion  that  it  is  possible  to 
have  a  specific  difference  between  electric  currents  of  different 
origin  ;  he  does  not  admit  that,  amongst  these  currents,  that  some 
of  diem  are  more  particularly  adapted  to  the  production  of  chemical 
effects,  and  others  for  the  production  of  calorific  effects ;  he  rejects 
the  idea  that  the  relation,  as  to  the  conductibility  of  bodies,  is  not  the 
same  for  powerful  currents  as  for  those  of  a  feebler  character.  He 
attributes  the  errors  into  which,  according  to  his  account,  philoso- 
phers have  fallen,  in  this  respect,  to  the  ignorance  prevailing  among 
them  of  the  law  of  Ohm ;  a  law,  the  discovery  of  which  appeared  to 
him  to  be  one  of  the  most  important  which  has  been  made  in  vol- 
taic electricity. 

•  Archives  De  L^EctricitSy  No.  1 . 

t  Ann,  der  Physik^  vol.  zlviiif  p.  385. 
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Without  denying  the  importuiee  of  the  law  of  Ohm»  I  may  be 
pexmitted  to  remark,  that  it  is  necessary  to  distinguish  the  circum- 
stances which  this  law  has  for  its  object,  to  appreciate  its  influence, 
in  the  form  under  which  he  takes  it  into  account.    As  to  these  cir- 
cumstances, I  have  enumerated  them  myself,  in  a  memoir  published 
in  the  Annals  of  Chemistry,  of  March,  1828  ;*  I  have  expressly  in- 
dicated that  the  intensity  of  an  electric  current  in  a  voltaic  pair, 
depends  not  only  on  the  relative  energy  of  the  two  metals  for  the 
producing  cause  to  ascertain  the  chemical  action,  according  to  my 
^eory,  but  that  it  depends  also  on  the  resistances  which  the  current 
meets  with  in  its  passage  through  the  circuit.     I  have  indicated 
that  these  resistances  are  the  imperfect  conductibility  of  the  solids, 
and  more  especially  the  liquids  which  compose  the  circuit,  and  the 
difficulty  which  electricity  has  to  encounter  in  alternately  traversing 
liquid  and  solid  conductors.     M.  Ohm  admits  that  the  intensity  of 
the  current  is  a  function  of  two  of  the  three  causes  of  resistance 
which  I  have  just  referred  to ;  but  he  has  done  more  than  I  have  : 
he  has  determined  the  form  of  this  function.     Can  this  form  account 
for  all  possible  cases  ?     The  German  philosophers  appear  to  believe 
it.     I  have,  I  avow  it,  some  doubts  in  this  respect ;  and  besides,  1 
am  far  from  being  convinced  that  the  resistances,  more  or  less  great, 
which  a  current  encounters  in  the  circuit  which  it  has  to  traverse, 
are  the  only  causes  of  specific  characters  which  it  presents  in  its 
properties.     I  do  not  deny  that  these  circumstances  play  a  very  im- 
portant part  in  the  production  of  these  phenomena.     In  the  memoir 
which  I  have  already  cited,  in  an  anterior  memoir,  published  in  1 825,f 
and  in  almost  all  the  researches  that  I  have  made  since  that  time, 
I  have  shown  the  importance  of  taking  these  resistances  into  account. 
I  thus  explain  the  influence  of  the  number  and  siae  of  the  pairs  of 
of  a  pile,  on  the  difierent  eflects  which  it  is  apt  to  produce  ;f  1  de- 
duce from  it  the  explication  of  the  caloriflc  effects  of  the  voltaic 
current,!  &c.     It  was  after  having,  at  first,  believed  that  the  prin- 
ciple of  resistances  was  sufi^ient  to  account  for  all  these  circum- 
stances, that  doubts  began  to  arise  in  my  mind,  that  1  exposed  in 
my  letter  to  M.  Arago,  inserted  in  the  Annals  de  Chimief\\  doubts 
which  several  experiments  of  Mr.  Faraday,  relative  to  the  intensity 
of  currents  due  to  different  chemical  actions,  appeared  to  me  to  con- 
firm.    I  shall  not  enlarge  further  here  upon  this  important  point, 
which  I  intend  to  treat  separately  in  a  future  part  of  this  paper.     I 
shall  confine  myself  to  the  resumption  of  my  thoughts,  on  the  sub- 
ject of  the  law  of  Ohm,  in  saying  that  it  has  not  yet  been  proved  to 
me  that  the  principle  of  this  law  is  perfectly  sure ;  but  that,  even  in 

*  Ann.  deCA»€tde  Phys-^  t.  xxsvii,  p.  251 . 
t  Ann,  de  Ch.  et  de  Phy9,<t  t.  xzviii,  p.  313. 

X  Ann.  de  Ch.  et  de  Phys.^  t.  xxxix,  p.  319,  et  Memoires  de  la  Soc,  de  Phys. 
et  d'Hiet.  Nai.^  t.  vi. 
§  Ann.  de  Ch,  et  de  Phys.^  t.  xl,  p.  38. 
fl  Ann*  de  Ch,  et  de  Phyt.y  t.  xli,  p.  38. 
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admitting  it,  there  remains  some  doubts  in  mj  mind  on  the  exact- 
ness of  the  form  under  which  Ohm  believed  it  to  be  possible  to  in- 
troduce, in  the  general  expression  of  the  intensity  of  a  current,  the 
circumstances  which  determine  this  intensity.  These  doubts  are 
drawn  up  essentially  in  the  difficulty  of  isolating,  in  an  absolute 
manner,  each  of  the  determining  circumstances,  which  it  is  necessary 
to  do  in  order  to  know  its  part  in  the  influence  in  the  numerous 
anomalies  which  experiments  present ;  especially  when  we  act  on  ener- 
getic currents,  which  anomalies  it  is  not  always  easy  to  explain ;  and,  in 
flne,  in  the  intimate  connexion  which  I  see  exists  between  chemical 
action  and  electric  action,  and  in  the  agreement  which  ought  to  result 
from  it  amongst  the  variations  which  these  latter  undergo,  and  those 
to  which  the  first  are  subject. 

After  the  general  observations  which  T  have  Just  referred  to,  M. 
Leaz  makes  two  remarks  on  the  apparatus  of  which  I  have  made 
use  :  the  first  is  relative  to  the  nature  of  the  currents  which  I  have 
studied,  the  other  to  the  use  I  have  made  of  the  thermometer  of 
firequet,  to  measure  the  intensity  of  these  currents  by  means  of  their 
calorific  effect. 

Here  is,  as  far  as  I  can  comprehend,  in  what  consists  exactly  the 
first  remark.  The  author  seems  to  believe  that  I  attribute  to  each 
of  the  elementary  currents,  produced  by  induction,  and  not  to  their 
joint  influence,  the  properties  which  1  have  sought  to  discover  in 
magneto-electric  currents.  He  has  the  air  of  supposing  that  I  con- 
sider the  origin  of  these  currents,  rather  than  the  manner  in  which 
they  are  grouped,  as  the  cause  of  the  phenomena  which  they  pre- 
sent ;  and  he  observes  that,  in  consequence,  1  ought  to  have  studied 
the  effect  of  each  current  isolated,  and  not  that  of  a  succession, 
more  or  less  rapid,  of  these  same  currents,  it  is  this  study  which 
he  himself  makes,  farther  on,  and  of  which  the  results  are  not,  in 
point,  in  agreement  with  those  which  I  have  obtained,  by  occupying 
myself  on  the  subject  under  another  point  of  view. 

I  avow  that  I  do  not  see  why  I  oug^t  to  be  obliged  to  occupy 
myself  on  isolated  currents,  rather  than  on  them  altogether.     1  have 
an  apparatus  (that  of  Clarke),  which  produces  a  series  of  electric 
currents  by  induction ;   I  describe  this  apparatus :  1  give  to  the 
currents  which  it  developes,   a  name  {magnetO'electric  currents)^ 
which,  without  in  any  way  prejudging  of  their  properties,  recalls  to 
the  mind  the  apparatus  whence  they  emanate ;  I  endeavour  to  ana- 
lyse their  effects ;  1  expose  the  laws  to  which  these  effects  appear  to 
me  to  be  subjected.     Strictly  speaking,  I  might  stop  short  there, 
and  say  nothing  of  the  cause  to  which  I  attribute  these  effects. 
However,  in  several  parts  of  my  memoir,  1  have  explained  myself  on 
this  point,  and  1  have  always  declared  an  opinion  contrary  to  that 
which  M.  Leaz  seems  to  attribute  to  me,  who  has  badly  compre- 
hended me,  or  at  least,  it  appears  so.     I  have  said  that  I  attribute 
the  special  properties  of  magneto-electrical  currents,  not  to  their  be- 
ing produced  by  magnets,  but  decidedly  to  the  fact  that  they  are 
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inconstant,  and  directed  alternately  in  contrary  directions.*  If  I 
have  made  use  of  a  magnet,  in  oider  to  procure  my  currents,  it  is 
because  I  have  found  that  this  was  the  most  commodious  means, 
and,  at  the  same  time,  the  most  convenient  to  have  them  of  a  con- 
stant intensity.  I  have  never  denied  that  currents  fulfilling  all  the 
same  conditions,  but  produced  by  another  source,  do  not  possess  the 
same  properties. 

The  second  preliminary  remark  of  M.  Len2,  has  for  its  object,  I 
have  said,  the  employment  that  I  made  of  the  thermometer  of  Bre- 
quet,  to  measure  die  intensity  of  magneto-electric  currents,  by  means 
of  the  elevation  of  temperature  which  these  currents  determine  in 
the  helix  of  this  thermometer  in  traversing  it.  M.  Lenz  remarks, 
that  the  current  is  divided  among  the  three  plates  of  silver,  gold,  or 
platinum,  which  compose  the  heUz,  proportionally  to  their  electric 
conductibility,  and  consequently  unequally,  that  this  current  ought 
also  to  heat  them  unequally,  so  much  as  to  cause  this  circumstance, 
since  it  produces  more  heat  in  proportion  as  the  resistances  which  it 
meets  with  are  greater.  He  concludes  from  it,  that  the  phenomenon 
of  the  heating  of  a  helix  in  Brequet's  thermometer,  by  the  electric 
currents,  is  a  veiy  complicated  phenomenon,  and  that  we  cannot 
make  use  of  this  means  to  measure  the  intensity  of  currents. 

I  admit,  with  M.  Lenz,  that  it  is  very  possible  that  the  current 
is  not  distributed  uniformly  among  the  three  metallic  plates  which 
compose  the  helix ;  but  I  do  not  condude  frcnn  that,  that  the  three 
plates  have  not  exactly  the  same  temperature.  I  remarked,  at  first, 
that  the  two  circumstances,  which  are  indicated  as  previously  deter- 
mining a  different  temperature  in  each  j^ate,  compensate  the  one 
for  the  other ;  for  if,  on  one  hand,  the  plate  of  less  conducting  power 
transmits  less  electricity;  on  the  other  hand,  it  becomes  heated 
more  by  the  action  of  the  same  current,  by  virtue  even  of  the  greater 
resistance  which  it  presents.  Besides,  whatever  be  the  mode  of  db- 
tribution  of  the  current,  it  is  impossible  that  the  elevation  of  tem* 
perature  which  results  from  it  is  not  the  same  in  each  contig^ous^ 


*  TUs-is  what  results  from  several  passages  of  my  memoir,  especially  the 
following : — Thiu,  after  having  described  the  apparatos  of  which  I  made  use,  - 
I  add :  ^  We  can,  by  an  artifice,  make  one  oi  the  two  coirents  disappear' 
alternating  contrary,  in  each  a  manner  as  only  to  have  a  series  of  corrents 
all  directed  in  the  same  direction ;    bnt  they  then  lose  a  great  part  of  their 
energy,  and  some  of  their  mott  remarkaUe  pn^terties.**    Here  is  a  plain  proof 
that  I  consider  the  fact  that  these  corrents  are  directed  alternately  in  con- 
trary directions,  as  the  cause  of  some  of  their  most  remarkable  properties."^ 
Afterwards,  in  speaking  of  the  physiological  efiects,  so  called,  of  these  cur- 
rents, I  say :  ^^  It  appears  that  the  power  of  these  cnrrents  is  essentially  doe 
to  their  inconstancy ;  for  we  know  that,  when  a  current  acts  in  a  oontinnons- 
manner,  whatever  he  its  intensity,  the  animal  submitted  to  its  action  only 
experiences  commotions  at  the  moment  when  this  action  commences,  or  at 
the  instant  it  ceases.    Farther,  we  can  obtain  the  same  effect  in  rendering 
ineonetanty  by  means  efa  very  eimple  artifice^  tke  current  developed  by  a  simpie- 
voliaie  element** 
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part  of  the  ihzee  plates ;  the  three  platesi  taken  conjointly,  have 
only  -^  of  a  line  of  thickness,  and  how  is  it  possible  to  belieTe  that, 
during  an  experiment,  which  is  continued  always  for  some  moments 
at  least,  the  corresponding  points  of  the  three  plates  can  maintain 
different  temperatures  ?  This  would  be  contrary  to  all  the  pheno- 
mena of  the  conductibility  for  caloric,  and  the  constant  tendency  of 
this  agent  to  attain  an  equilibrium.  Besides,  it  is  of  little  import- 
ance ;  the  electric  current  developes  heat  in  traversing  the  helix  oi 
Brequet*8  thermometer,  and  I  have  found,  in  a  memoir  anterior  to 
that  now  in  question,*  that  the  intensity  of  the  current,  concluded 
from  the  eleyation  of  temperature  which  it  determined  in  this  helix, 
does  not  sensibly  differ  from  that  deduced  from  the  indication  of 
other  galvanometric  processes.  M.  Lenz  will  not  probably  have 
been  aware  of  the  memoir  to  which  I  have  just  referred. 

But  yet,  I  do  not  wish  to  conclude,  from  the  preceding  remarks, 
that  the  intensity  of  the  current  is  exactly  proportional  to  the  indica- 
tions of  Brequet's  thermometer ;  I  have  ne?er  made  this  pretension, 
and  that  the  more,  because  I  believe  it  would  be  very  difficult  to 
find  an  instrument  whose  indications  would  be  in  exact  relation  with 
the  variations  of  the  current.  If  I  had  made  use  of  a  metallic  ther- 
mometer, it  is  on  one  hand,  that  I  believe  it  to  be  usefid,  when  stu- 
djdng  electric  currents,  to  examine  the  variations  of  their  intensity, 
under  the  relation  of  all  their  effects  ;  on  the  other  hand,  it  was  im- 
possible to  avail  myself,  in  the  study  of  that  species  of  currents  which 
I  wished  to  analyse,  of  the  chemical  galvanometer,  or  of  the  magne- 
tic galvanometer,  because  of  the  alternative  non-interruption  in  the 
direction  of  the  successive  currents,  in  fact,  with  the  chemical 
galvanometer,  the  two  gases,  which  are  the  product  of  the  decom- 
position of  the  water,  arrive,  almost  simultaneously,  on  each  of  the 
platinum  wires  which  serve  as  poles,  and  they  are  combined  imme- 
diately, in  great  proportion,  to  reoompose  water ;  and  with  the 
magnetic  galvanometer,  the  two  alternative  currents  succeeding  each 
other  with  great  rapidity,  the  needle  obeys,  indifferently  obeys,  one 
or  the  other,  following  its  position  by  relation  to  the  wire  of  the  in- 
strument, or  remains  perfectly  in  equilibrio. 

M.  Lenz,  in  repeating  and  varying  my  experiments,  made  use  of 
the  magnetic  needle  ;  but  then  he  has  only  employed  a  single  in- 
stantaneous current,  such  as  we  obtain  by  detaching  from  a  magnet  a 
morsel  of  iron  surrounded  by  a  metallic  wire  in  which  a  current  is 
developed  by  induction.  1  do  not  hesitate  to  attribute  the  differences 
which  exist  between  the  results  which  he  has  obtained  and  those  to 
which  I  was  led,  to  the  diversity  of  the  currents  which  have  sepa- 
rately been  made  use  of  by  us.  That  M.  Lenz  finds  it  more  in- 
teresting to  determine  the  effects  of  a  single  current,  nothing  can  be 
more  legitimate.     But,  at  the  same  time,  I  may  be  permitt^  to  oc- 

*  Mem.  delaSoe.de  Phye.  et  d'Hiat.  Nat,,  1.  vu,  p.  457,  and  j4nn.  de  Ch.  ei 
de  Phye.,  t  Ixii,  p.  147. 
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cnpy  m jBelf  with  phenomena  which  produce  a  suocesrion  of  initan- 
taneoni  conrents  alternately  directed  in  contrary  directionB.  I  believe 
tW  this  study  may  have  important  oonaequences,  and  I  haye  com- 
menced it ;  it  18  not  by  caprice,  but  for  motiyes  dated  far  back,  and 
which  haye  made  me  adopt  with  eagerness  a  simple  and  easy  method 
of  procuring  a  series  of  currents  placed  in  the  condition  which  I  haye 
aboye  referred  to. 

(To  be  eonHnuedJ* 


On  the  Extraction  and  Decolorization  of  Gelatine.     By  J.  C.  Booth 

and  M.  H.  Bote.* 

In  a  patent  granted  to  S.  G.  Dordoy,  of  Surrey  County,  "  for 
certain  improvements  in  the  manu&ctore  of  gelatine  sise  and  glue," 
(see  London  Journal  for  January,  1842),  the  patentee  proposes  the 
employment  of  chlorine,  for  bleaching  the  materials  employed,  pre- 
viously to  the  extraction  of  the  gelatine,  in  which  respect  the  patent 
maialy  differs  from  former  attempts  at  bleaching  by  operating  on  the 
gelatinous  fluid  after  its  extraction. 

"  For  eveiy  100  lbs.  of  the  animal  substances,  eight  ounces  of  chlo- 
rate  or  chloride  of  lime,  potash,  soda,  baryta,  or  other  similar  com- 
pounds are  dissolved,  or  thoroughly  mixed  in,  or  with,  two  or  more 
gallons  of  hot  or  cold  water ;  four  pounds  of  hydrochloric  or  other 
acids  being  added  and  stirred  thoroughly.  This  mixture  is  to  be 
poured  into  the  vessel  containing  the  water  and  animal  substances, 
the  materials  being  stirred  continually  while  the  mixture  is  added. 
The  animal  substances  should  be  kept  entirely  covered  with  the 
water  for  twenty-four  hours." 

The  above  proportions  are  considered  sufficient  for  thin  skins,  as 
of  sheep,  but  for  heavier  pieces,  such  as  those  derived  from  oxen, 
calves,  &c.,  two  or  three  steepings  will  be  requisite,  each  continued 
the  same  time,  until  the  substances  appear  of  an  uniform,  transparent 
whiteness.  The  substances  are  thoroughly  washed  in  pure  water  at 
ordinary  temperatures,  and  then  water  at  160^  Fahr.  is  poured  on, 
and  the  temperature  maintained  at  100^  Fahr.  from  twelve  to  twenty- 
four  hours,  when  the  gelatinous  solution  is  strained  off!  Fresh  sup- 
plies of  water  are  successively  added,  each  portion  at  a  temperature 
of  20^  higher  than  the  preening,  until  at  last  the  water  is  boiled. 

This  patent,  like  many  others,  makes  a  sweeping  claim  **  to  cover 
all  the  ground,'*  but  it  might  be  restricted  to  tiie  use  of  chlorine  or 
its  compounds  with  oxygen,  for  bleaching  animal  matters  previous 
to  the  extraction  of  gelatine,  and  not  subsequent  to  this  process, 
which  had  been  rep^itedly  tried.  In  the  latter  case  it  has  been 
found  that  although  the  colour  of  the  gelatine  may  be  improved,  its 
binding  quality  is  materially  impaired ;  but  there  is  every  reason  to 
believe  that  the  colouring  matters  may  be  obviated  by  the  application 

*  Journal  of  the  Franklin  Insttiute,  May,  1842. 
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of  bleaching  previous  to  extracting  gelatine,  since  it  is  the  opinion 
of  chemists  tiiat  this  substance  is  not  ready  formed  in  the*,  animal 
matters  employed.  Since,  then,  the  patent  contains  good  principles, 
it  may  be  well  to  inquire  into  some  of  its  details. 

As  is  too  often  the  case  with  chemical  patents,  its  descriptions  are 
yague  and  incompatible  with  the  definite  laws  of  chemistry.  Thus 
it  is  not  immaterial  whether  we  employ  the  same  amount  of  acid  (of 
what  strength  ?)  with  the  same  quantity  of  chlorate  of  potassa,  soda, 
lime,  or  baryta,  or  with  the  chlorides  of  the  same  bases.  Probably 
the  chloride  of  lime  is  the  only  compound  that  can  be  employed 
economically ;  and  in  this  case,  if,  as  the  patentee  directs,  the  acid, 
which  is  twice  as  much  as  necessary,  be  poured  first  into  the  solution 
of  the  chloride,  a  considerable  amount  of  chlorous  or  bleaching  ma- 
terial will  be  lost.  It  would  be  advisable  either  to  dissolve  the  chlo- 
ride in  two  or  more  gallons  of  cold  water,  and  then  add  the  acid 
previously  diluted  widi  three  or  more  gallons  of  water,  or  to  add  the 
clearly  drawn  off  solution  of  chloride  to  the  water  over  ,the  animal 
substances,  and  then  to  add  the  acid  diluted  largely  with  water.  In 
either  case,  a  bleaching  liquor  will  be  obtained  which  will  act  more 
uniformly  and  for  a  greater  length  of  time  without  being  exhausted. 

The  successive  extraction  of  gelatine  by  water  at  low  and  increas- 
ing temperatures  is  worthy  of  notice,  although  not  novel ;  but  in  this 
case  the  latter  solutions  should  be  employed  for  gelatine  of  decreasing 
qualities. 


On  the  Preparation  of  Aluminous  Mordants.     By  Jahbs  C.  Booth 

and  M.  H.  Bote.* 

Whatever  relates  to  improvements  in  dyeing  and  cloth  printing 
being  of  high  importance,  we  have  thought  it  worth  calling  attention 
to  the  above  subject  from  the  i^ppearance  of  two  patents,  the  one 
taken  out  in  England  by  R.  Hervey  {Rep.  Pat.  /no.,  December, 
1841\  and  the  other  in  this  country  {Jour.  Frank.  Inst.^  March, 
1842).  They  are  worthy  of  consideration  from  the  comparative 
cheapness  wiUi  which  the  aluminous  mordants  may  be  prepared. 

The  most  important  point  is  the  formation  of  sulphate  of  alumina 
by  the  direct  action  of  sulphuric  acid  upon  clay  which  has  been  cal- 
cined in  a  reverberatory  furnace.  Supposing  the  process  to  be  suc- 
cessful, as  described  by  the  patentee,  it  offers  great  advantages,  since 
an  abundance  of  clay  comparatively  free  from  iron  may  be  obtained 
in  many  districts  of  country,  and  even  a  portion  of  that  iron  must 
be  rendered  insoluble  by  calcination.  In  one  respect  the  sulphate 
of  alumina  may  be  more  advantageously  employed  as  a  mordant  or 
colour-base,  than  the  sulphate  of  alumina  and  potassa  (conunon  alum), 
since  a  given  weight  of  it  will  contain  a  larger  proportion  of  colour- 

•  Journal  of  the  Franklin  Insiitute,  May,  1842. 
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base  than  the  same  weight  of  alom  ;  but,  on  the  other  hand,  crystal-^ 
lised  alum  is  so  unifonn  in  composition,  that  in  its  employment  we 
operate  more  definitely  and  certainly,  according  to  given  weights, 
while  the  sulphate  of  alumina  is  difficult  to  be  brought  to  a  crystal- 
line state.  It  is,  moreover,  liable  to  form  basic  salts,  so  that  we 
cannot  know  with  certainty  and  readiness  the  exact  amount  of  alumina 
present  in  a  solution  of  the  salts.  For  these  reasons  the  patentee 
is  in  error  in  supposing  tliat  the  sulphate  of  alumina  is  superior  to 
alum  for  printing,  dyeing,  &c. 

The  sulphate  of  alumina  may  be  more  successfully  employed  in 
the  manufacture  of  the  acetate,  by  means  of  acetate  of  lime  or  lead, 
for  by  decomposing  alum  perfectly,  it  is  requisite  to  add  a  sufficient 
quantity  of  acetate  to  precipitate  tlie  whole  of  the  sulphuric  acid,  not 
only  that  combined  with  alumina  but  also  with  the  potassa,  &o  that 
a  considerable  amount  of  the  acetate  is  employed  to  no  useful  pur- 
pose ;  whereas  for  every  proportion  of  the  sulphate  of  alumina  alone, 
tiiat  is  decomposed  by  an  acetate,  an  equivalent  quantity  of  acetate 
of  alumina  is  formed.  The  most  economical  method  is  to  precipi- 
tate with  acetate  of  lime  as  long  as  a  precipitate  is  formed,  and  then 
to  throw  down  the  small  balance  of  sulphuric  acid  by  acetate  of  lead. 
The  second  method  described  in  the  English  patent,  of  precipitating 
alumina  by  alkali,  or  its  soluble  carbonate,  and  then  redlssolving  the 
alumina  in  acetic  acid,  may  often  be  practised  economically,  but 
there  is  then  some  difficulty  in  obtaining  a  liquid  of  uniform  strength. 

The  remarks  which  have  been  made  apply  to  both  the  American 
and  English  patents,  and  particularly  to  the  latter,  which  is  more 
copious.  Since  each  of  the  points  claimed  in  the  patents  have  been 
tiie  subject  of  previous  experiments  and  manufacture,  it  appears  to 
us  that  it  would  be  a  difficult  matter  to  sustain  the  combination,  since 
other  simple  methods  of  removing  the  iron  may  be  resorted  to. 


On  the  Application  of  VoUaie  Electricity  to  Calico  Printing. 

By  Mr.  Baogs. 

Befor£  entering  into  the  details  of  the  method  of  applying  voltaic 
electricity  to  the  printing  of  calico,  and  other  textile  fabrics,  such  as 
silk,  paper,  &c.,  it  may  be  useful  to  give  a  brief  sketch  of  the  prin- 
ciples upon  which  calico  printing,  dying,  &4;.,  is  at  present  car- 
ried on. 

If  we  dissolve  a  small  quantity  of  corrosive  sublimate  in  a  wine- 
glass of  water,  and  add  to  this  a  little  hydriodate  of  potassa,  an 
immediate  change  is  produced ;  and  the  two  solutiooSi  which  in  a 
separate  state  were  perfectly  clear  and  colourless,  are  instantly  ren- 
dered opaque  by  the  formation  of  a  splendid  scarlet  pigment,  the 
periodide  of  mercury,  which  gradually  subsides  to  the  oottom  of  the 
gJa8& 

If,  in  this  experiment,  we  substitute  acetate  of  lead  for  corrosive 
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sublimate,  the  precipitate  is  a  rich  yellow ;  and  so,  by  varying  the 
metallic  solution  and  the  reagent  employed  in  its  precipitation,  any 
desired  colour  may  be  obtained.  In  fact,  it  is  by  this  means  that 
colours  are  ordinarily  formed  for  the  use  of  the  artist ;  and  by  an 
elaborate  extension  of  the  same  principle,  the  calico  printer  is 
enabled  to  adorn  the  produce  of  the  loom  with  his  varied  and  beau- 
tiful devices. 

It  is  the  business  of  the  manufacturer  to  select  from  the  vast  mul- 
titude of  coloured  compounds  which  his  art  can  thus  produce,  such 
as  are  at  once  the  most  pleasing,  economical,  and  permanent ;  for 
permanency  of  colour  is  here  a  most  essential  requisite.  The  dyes 
employed  must  be  such  as  will  be  subsequently  unaffected  by  wash- 
ing in  hot  or  cold  water,  and  totally  unalterable  under  all  the  casual- 
ties to  which,  in  the  course  of  fair  wear,  they  are  likely  to  be  exposed. 
These  several  points  are  attained  in  a  very  simple  manner. 

The  metallic  solutions,  or  mordants,  being  previously  inspissated 
with  starch,  gum,  pipe-clay,  or  other  appropriate  thickener,  are  de- 
posited in  their  respective  places  upon  the  cloth  to  be  printed  by 
means  of  a  machine  of  great  cost  and  complexity  ;  indeed,  its  con- 
struction is  so  very  intricate,  that  it  woula  be  difficult  to  attempt  a 
description  of  its  parts  within  the  limits  of  this  paper. 

After  the  impression  is  thus  given,  the  cotton  is  allowed  a  short 
time  to  dry.  It  is  then  immersed  in  the  dye-bath,  a  vessel  contain- 
ing a  suitable  reagent.  As  the  decoction  penetrates  the  cloth  it  en- 
counters the  mordants,  producing  a  number  of  coloured  precipitates 
so  closely  entangled  amongst  its  fibres,  and  incorporated  with  its 
substance,  as  to  be  perfectly  proof  against  all  subsequent  washing. 

The  details  of  this  branch  of  manufacture  extend  over  so  wide  a 
field,  and  the  niceties  of  manipulation  required  in  its  practice  are  so 
great,  that  a  very  brief  and  cursory  notice  must  suffice. 

The  most  important  mordants  in  use  are  the  acetate  of  alumina, 
the  acetate  of  iron,  and  the  protomuriate  and  permuriate  of  tin. 

The  colouring  matter  of  cochineal  is  fixed  by  means  of  tin  with 
the  production  of  a  scarlet,  and  by  the  addition  of  alum  the  scarlet 
is  changed  to  crimson.  A  decoction  of  madder  may  be  substituted 
for  cochineal  with  but  little  inferiority  in  the  result.  A  beautiful 
yellow  is  obtained  by  printing  with  acetate  of  lead,  and  subsequently 
immersing  the  cloth  in  bichromate  of  potassa.  The  ammoniacal 
solution  of  sulphuret  of  arsenic  is  also  productive  of  a  good  yellow; 
so  is  a  decoction  of  weld,  of  Quercitron  bark,  of  fustic,  sumach,  Per- 
sian berries,  &c. ; — the  moroants  in  these  cases  being  the  salts  of 
alumina  and  of  tin.  The  first  object  of  the  chemist  in  every  in- 
stance is  to  render  the  colouring  matter  goluble,  so  that  it  may 
thoroughly  penetrate  the  pores  of  the  cloth ;  and  then,  when  the 
latter  is  perfectly  saturated,  to  render  it  insoluble,  and  thereby 
fix  it 

Blue  is  readily  obtained  by  printing  with  an  iron  mordant,  and 
afterwards  passing  the  cloth  through  an  acidulated  solution  of  fer- 
rocyanate  of  potassa ;  but  indigo  is  more  commonly  employed  for 
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this  porpose.    The  drug  is  rendered  soluble  by  depriving  it  of  a 
portion  of  its  oxygen,  which  element  is  again  absorbed  in  the  snbse- 

anent  exposure  of  the  printed  fabric  to  the  atmosphere ;  and  thus 
le  insolubility  necessary  to  fixation  is  restored. 

By  diluting  the  mordants  the  depth  of  shade  is  varied,  and  by 
their  appropriate  admixture  compound  colours  are  obtained. 

But  quite  enough  has  been  said  to  give  a  general  idea  of  the 
principles  on  which  this  art  is  founded,  and  those  who  seek  more  de- 
tailed information  are  referred  to  Dr.  lire's  Dictionary  of  Arts, 
Manufactures,  and  Mines, — article,  "  Calico  Printing."  The  sub- 
ject is  there  treated  in  a  very  comprehensive  manner^  and  will  amply 
repay  the  trouble  of  a  perusal. 

We  now  proceed  to  aiscuss  the  new  application  of  voltaic  electri- 
city to  the  purpose  already  stated.  It  would  appear  almost  unne- 
cessary, in  the  present  advanced  state  of  public  intelligence,  to  enter 
into  any  description  of  the  method  adopted  for  the  development  of 
galvanic  phenomena ;  but  a  few  words  on  this  subject  may  perhaps 
be  acceptable  to  some  of  our  readers. 

If  we  take  a  plate  of  copper  and  a  plate  of  zinc,  and  immerse  them 
simultaneously  in  a  vessel  of  dilute  sulphuric  acid,  the  zinc  will  im- 
mediately begin  to  be  dissolved,  and  bubbles  of  hydrogen  gas,  re- 
sulting from  the  decomposition  of  the  water,  will  be  extricated  from 
its  surface ;  but  no  effect  whatever  will  be  produced  upon  the  copper 
so  long  as  the  two  metals  do  not  touch  each  other :  the  moment, 
however,  that  they  are  brought  into  contact,  nearly  the  whole  of  the 
hydrogen  gas  makes  its  appearance  upon  the  surface  of  the  copper, 
though  the  zinc  is  still  the  only  metal  wnich  continues  to  be  dissolved. 

There  is,  in  fact,  a  very  extraordinary  force  thrown  into  circula- 
tion by  the  contact  of  these  metals  under  the  circumstances  de- 
scribed. This  force  is  termed  galvanic,  and  in  the  line  of  its  pas- 
sage from  the  zinc  to  the  acid,  from  the  acid  to  the  copper,  and  from 
the  copper  back  again  to  the  zinc,  it  produces  a  very  singular  class 
of  effects.  By  combining  together  a  number  of  these  simple  ar- 
rangements in  consecutive  order,  so  that  the  electricity  generated  by 
each  pair  of  plates  shall  circulate  through  the  whole  series,  the 
energy  of  tlie  power  which  is  thus  called  into  action  becomes  highly 
exalted,  and  we  have  what  is  termed  a  compound  voltaic  battery. 
By  attaching  wires  or  slips  of  flexible  metal  to  the  two  ends  of  the 
battery,  a  facility  is  afforded  of  transmitting  a  current  of  electricity 
through  any  body  upon  which  we  may  wish  to  operate. 

Suppose  we  pass  this  current  through  muriate  of  soda,  or  any 
other  saline  solution,  decomposition  takes  place,  accompanied  by  a 
definite  transfer  of  the  resulting  elements  to  the  two  poles  or  termi- 
nating wires  of  the  battery.  The  hydrogen  of  the  water  and  the 
alkali  of  the  salt  make  their  appearance  at  what  is  termed  the  nega- 
tive pole,*  and  the  oxygen  ana  the  acid  at  the  positive  pole ;  and  if 

*  In  a  subject  of  this  natmre  the  introdaction  of  some  few  technicalities  is 
almost  unavoidable  ;  and  their  explanation  is,  at  tbe  same  time,  impossible 
in  so  limited  a  paper. 

d2 
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the  metal  forming  this  latter  have  a  moderate  affinity  for  oxygen,  it 
will  be  chemically  acted  opon  and  disaolved.  The  extension  of  this 
one  fact  is  all  that  is  requisite  for  the  production  of  the  most  elabo- 
rate designs  by  voltaic  electricity. 

Let  it  be  required  to  print  in  two  colours,  blue  and  brown.  A 
compound  pattern  must  be  formed  in  such  a  manner  as  to  present 
to  the  cloth,  or  other  substance  to  receive  the  impression,  different 
metals  in  different  parts  of  its  surface.  The  metals  in  this  case 
would  be  iron  and  copper,  and  the  mode  of  printing  such  a  pattern 
will  be  readily  understood  from  the  following  description : — 

Upon  a  smooth  plate  of  metal,  in  connexion  with  the  negative  pole 
of  an  active  battery,  two  or  three  thicknesses  of  calico  are  to  be 
placed,  having  been  previously  moistened  with  a  mixed  mordant  of 
nitrate  of  soda  and  ferrocyanate  of  potassa.  On  the  calico  is  laid 
the  metallic  design.  This  contact,  however,  produces  no  effect  until 
the  upper  plate  is  toughed  with  the  positive  wire ;  but  the  moment 
the  electric  circuit  is  Uius  completeo,  a  decomposition  of  the  inter- 
posed solution  takes  place ;  hydrogen,  potassa,  and  soda  pass  to  the 
negative  pole,  whilst  oxygen,  with  nitric  and  ferrocyanic  acids,  are 
disengaged  at  the  positive  pole ;  where,  acting  upon  the  metals  thus 
presente4l  to  them,  an  accurate  copy  of  the  design,  in  its  proper 
colours,  is  instantaneously  produced.  The  cause  of  this  is  obvious : 
ferrocyanate  of  iron  is  blue,  and  ferrocyanate  of  copper  is  brown, 
and  thus  the  two  pigments  required  are  produced  wherever  the  two 
metals  touch  the  cloth. 

The  introduction  of  nitrate  of  soda  into  the  mordant  is  for  the 
purpose  of  facilitating  the  passage  of  the  electricity,  and  of  prevent- 
ing the  incrustation  of  insoluble  matter  upon  the  metals,  which, 
without  this  aid,  would  inevitably  take  place,  and  totally  check  the 
operation  after  two  or  three  impressions. 

But  let  us  take  another  example. 

To  print  in  red  and  black,  the  cloth  must  be  soaked  in  an  alumin- 
ous mordant,  and  the  design  made  of  one  metal  alone — iron.  This 
is  touched  with  the  positive  pole  of  the  apparatus,  as  in  the  instance 
just  given ;  and,  after  the  current  of  electricity  has  passed  through 
the  cloth,  the  latter  is  to  be  immersed  in  a  decoction  of  madder. 
Wherever  the  pattern  comes  in  contact  with  the  cloth  there  will  be 
a  black  impression  developed,  whilst  the  remaining  portions  will  be 
dyed  red. 

Discharges  may  also  be  produced  by  this  means,  or  a  topical 
alteration  of  colour  obtained  when  required. 

If  a  zinc  plate  be  placed  upon  calico,  already  dyed  with  Prussian 
blue  and  moistened  with  nitrate  of  soda,  and  lying  on  the  positive 
pole  of  a  battery,  the  moment  the  zinc  is  touched  with  the  negative 
wire  the  blue  is  changed  to  a  beautiful  brown  in  those  parts  of  the 
cloth  which  transmit  the  electricity ;  for  the  alkali  no  sooner  reaches 
the  negative  plate  than  it  decomposes  the  Prussian  blue,  taking  up 
the  acid,  and  precipitating  peroxide  of  iron. 

A  great  variety  of  these  effects  may  be  obtained.     Cloth  dyed 
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with  indigo,  and  moistened  with  a  solution  of  common  salt^  slightly 
acidulated  with  muriatic  acid,  is  bleached  by  the  battery  at  the  posi- 
tive pole,  which,  in  this  case,  should  be  made  of  piatina. 

It  must  not  be  forgotten  that  in  conducting  these  experiments  it  is 
necessary  to  use  starch,  or  some  other  thickener,  with  the  mordants, 
as  otherwise  the  colours  would  run. 

The  principles  which  have  been  advanced  and  exemplified  in  this 
brief  account,  are  susceptible  of  considerable  modification ;  and 
when  the  light  of  science  has  been  brought  to  bear  more  fully  upon 
the  subject,  it  is  confidently  anticipated  that  a  wide  field  of  applica- 
tion will  disclose  itself  in  our  arts  and  manufactures.  Electricity 
may  possibly  entirely  dispense  with  that  complicated  machinery  at 
present  required  in  the  process  of  topical  dyeing,  and  the  many 
tedious  operations  attendant  upon  the  system  now  in  use  will  be  con- 
siderably abridged  by  the  introduction  of  this  wonderful  agent. 

Note. — Mr.  Baggs,  the  discoverer  of  this  beautiful  application  of 
voltaic  electricity,  during  a  late  visit  to  Manchester,  very  obligingly 
presented  me  with  patterns  in  several  kinds  of  metal,  necessary  for 
illustrating  this  mode  of  printing ;  and  he  also  peHbrmed  several 
successful  experiments,  in  the  Lecture  Room  of  the  Royal  Victoria 
Gallery,  which  I  have  since  availed  myself  of  in  several  lectures  on 
this  branch  of  electricity.  Since  Mr.  Baggs  left  Manchester,  I  have 
been  successful  in  applying  magnetic  electricity  to  the  same  pur- 
pose ;  and  I  find,  also,  that  sparks  from  the  prime  conductor  of  a 
common  machine  will  produce  some  of  the  colours. — W.  Stitroeon. 


Hint8  on  a  New  Theory  of  the  Phenomena  of  the  Daguerreotype. 

By  J.  Rtan,  Esq.,  M.D.,  &c.,  &c.* 

It  is  a  source  of  much  regret  to  the  scientific  world  that  the  ra- 
tionaie  of  an  art,  which  seems  almost  to  realize  in  our  days  the  Pro- 
methean fable  of  the  ancients,  should  remain  so  long  in  obscurity. 

We  are  well  aware  that  numerous  hypotheses  have  been  ad- 
vanced, both  by  our  continental  neighbours  and  by  our  own  coun- 
trymen, in  order  to  account  for  the  phenomena  of  the  daguerreotype ; 
but,  at  the  same  time,  we  have  to  confess  our  conviction  of  the 
futility  of  each  and  all  which  have  hitherto  been  brought  forward. 

While  any  art,  whatever  may  be  its  aim  and  character,  remains  in 
a  state  of  empiricism,  we  cannot  expect  any  very  rapid  or  marked 
progression.  Each  step  in  advance  is  taken  in  the  dark,  amid  un- 
certainty and  fear ;  and  ultimate  success,  whether  immediate  or  re- 
mote, is  the  result  of  chance  rather  than  of  induction. 

We  are  not  ignorant  of  the  avowal  of  some,  that  a  condition  like 
this  is  favourable  rather  than  otherwise  to  the  «ucces8  of  an  art  or 
science,  giving  a  stimulus  to  repeated  experiment,  and  preventing 

•  Polytechnic  Journal^  March,  1842. 
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the  substittttioa  of  theory  for  practical  result.  But  our  readers  will 
agree  with  us,  that  while  it  would  be  wrong  to  build  up  theories  and 
then  torture  our  experiments  into  an  accordance  with  our  precon- 
ceived notions,  yet  the  true  philosophic  mode  is  to  pass,  step  by 
step,  from  experiment  to  experiment,  by  the  light  of  inductive  rea- 
soning; to  aggregate  facts,  certainly,  but  not  to  rest  content  until 
we  have  so  classified  and  arranged,  and  investigated  them^  as  to 
leave  no  part  of  our  process  a  matter  of  doubt.  Until  this  is  ac- 
complished, any  art  or  science  is  in  a  state  of  illegitimacy,  having 
no  claim  to  the  honourable  distinctions  of  true  philosophy. 

Our  readers  are  aware  that  the  favourite  theory  of  the  daguer- 
reotype is  at  present  the  chemical  one,  founded  upon  a  pure 
hypothesis — namely,  '*  that  the  gold-coloured  pellicle,  formed  by 
the  vapour  of  iodine  upon  the  silver  plate,  is  a  compound  of  iodine 
and  silver."  M.  Donne  and  others  contend,  that  the  chemical  action 
between  the  silver  and  iodine,  results  simply  in  the  production  of  the 
common  iodide  of  silver.  This,  however,  will  not  bear  the  test  of 
experiment ;  and  if  there  be  chemical  action  at  all,  the  compound 
resulting  is  possessed  of  properties  not  appertaining  to  the  well 
known  iodide. 

The  next  step  in  the  chemical  theory  is  the  decomposition  of  this 
newly  formed  compound  of  iodine  and  silver  by  means  of  light ;  so 
that  wherever  the  light  has  fallen  the  silver  surface  becomes  exposed, 
and  prepared  for  the  action  of  the  mercurial  vapour  in  the  third 
step  of  the  process.  "  This  explains,"  says  M.  Donne,  in  his  letter 
to  M.  Arago,  *'  the  extreme  inconvenience,  pointed  out  by  M.  Da- 
guerre,  of  leaving  the  silver  plate  too  long  exposed  to  the  vapour  of 
iodine— until,  for  instance,  a  violet  tint  be  produced  ;  indeed,  in  such 
case,  two  couches  of  iodine  are  formed,  the  one  of  a  violet  colour 
and  superficial,  the  other  more  solid  and  yellow.  Thus,  when  the 
light  has  acted  on  the  first,  it  does  not  affect  the  second,  and  the 
latter  does  not  admit  of  the  action  of  the  mercury.  This  fact  may 
be  confirmed  by  removing  with  the  finger  the  first  couch  of  iodine 
acted  on  by  the  light,  below  which  presents  itself  the  couch  of  yel- 
low, intact.  According  to  these  experiments,  the  image  produced 
by  the  process  of  the  daguerreotype  would  be  thus  formed — the  light 
parts  by  the  mercury  in  globules,  and  probably  amalgamated  with 
the  silver;  and  the  shadows  by  the  simple  metallic  surface,  without 
any  foreign  deposit  or  production  of  any  combination.  It  is,  in  fact, 
that  which  is  left — when,  afler  the  operation,  all  remaining  traces  of 
the  iodide  have  been  removed  by  a  wash  of  the  solution  of  the  hypo- 
sulphite of  soda.  The  black  or  shaded  parts  are  bare,  and  reflect 
the  light  like  polished  bodies  and  glasses,  while  the  light  parts  are 
covered  with  a  couch  of  greyish  white,  which  soils  the  fingers,  is 
easily  removed,  and  in  which  the  microscope  exhibits  a  quantity  of 
mercurial  globules  :  hence  the  necessity  of  a  perfect  burnish  of  sil- 
ver, as  M.  Daguerre  recommends." 

The  chemical  theory,  of  which  the  above  is  a  condensed,  yet  fair 
view,  is  wanting  in  two  very  material  points.     In  the  first  place,  it 
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is  fouoded  upon  a  simple  hypothesis ;  and  secondly,  it  fails  to  ac- 
count, in  any  way,  for  the  cause  of  the  action  of  light  upon  the  iodide 
of  silver — if  such  it  he.  At  any  rate,  it  has  to  set  at  rest  the  long- 
disputed  point  of  the  existence  of  chemical  rays  of  light,  ere  we  can 
admit  the  decomposition  of  the  new  compound  hy  light 

A  highly  valued  friend^  of  the  writer  has  lately  put  him  in  pos- 
session of  some  new  hints  on  the  theory  of  the  daguerreotype,  and 
as  they  are  based  upon  well  known  data,  and  seem  worthy  of  further 
consideration,  be  has  ventured  to  bring  them  before  the  public  eye, 
leaving  the  further  investigation  of  this  important  subject  to  those 
who  have  sufficient  opportunity  for  that  purpose.  The  propositions 
embodying  the  new  theory  have  been  in  the  possession  of  tne  writer 
for  some  months,  but  owing  to  the  multiplicity  of  his  engagements, 
he  has  been  hitherto  unable  to  follow  out  by  experiment,  as  he  once 
intended,  the  valuable  hints  therein  embodied. 

The  phenomena  of  the  daguerreotype  (says  Mr.  Baggs),  are 
evidently  referable  to  electricity;  and  in  proceeding  to  offer  an  ex- 
planation of  the  subject,  I  prefer  the  adoption  of  that  line  of  argu- 
ment which  is  the  most  open  to  contradiction, if  any  trace  of  sophistry 
should  be  manifested.  The  apparent  rationale  is,  therefore,  embo- 
died in  a  series  of  progressive  propositions,  every  one  of  which  will, 
I  hope,  bear  the  test  of  the  closest  investigation.  Wherever  I  have 
deemed  it  necessary,  I  have  quoted  an  authority  in  support  of  my 
propositions ;  but  where  the  facts  are  so  well  known  or  so  self-evident 
as  to  render  this  unnecessary,  I  have,  of  course,  spared  myself  the 
trouble  of  doing  so.  Thus,  of  the  three  first  theorems,  I  would  only 
remark,  that  they  are  contained  in  every  elementary  work  on  elec- 
tricity, as  facts  long  and  sufficiently  established. 

PROPOSITION   I. 

Bodies,  dissimilarly  electrified,  attract  each  other. 

PROPOSITION    II. 

Bodies,  similarly  electrified,  repel  each  other. 

PROPOSmON   III. 

Positive  electricity  can  only  be  neutralized  by  the  addition  of 
negative  electricity,  and  conversely,  negative  by  positive. 

PROPOSITION  IV. 

The  formation  of  vapour  is  invariably  accompanied  by  the  deve- 
lopment of  electricity. 

"  If  a  hot  plate  of  metal  be  placed  upon  a  gold-leaf  electroscope, 
and  water  be  dropped  upon  the  plate,  the  moment  the  vapour  rises 
the  leaves  of  the  electroscope  diverge  with  negative  electricity. 

"  The  general  fact  was  noticed  by  Laplace,  Lavoisier,  and  Volta, 

•  Iflham  BhggB^  Esq.,  the  discoverer  of  the  method  of  printing  by  electri- 
city, models  of  whose  apparatas  may  be  seen  at  the  Royal  Polytechnic  In- 
stitution. 
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Iq  the  year  1781,  and  was  foand  to  extend  both  to  solids  and  liquids 
passing  into  a  gaseous  form/'* 

PROPOSITION  ▼. 

light  is  capable  of  conferring  an  attractive  power  npon  glass. 

"  If  a  glass  jar,  containing  camphor,  be  placed  in  a  window,  beau- 
tiful crystals  will  attach  themselves  to  the  sides  nearest  to  the  light 
Evidence  of  this  fact  may  frequently  be  seen  in  druggists'  shops. 
Many  other  substances,  which  are  capable  of  the  same  kind  of  sub- 
limation, exhibit  the  same  phenomena  in  their  solidification."! 

M.  Chaptal  first  made  the  observation — 

"  That  when  a  number  of  capillary  crystals  shoot  up  the  sides  of  a 
glass  vessel  containing  a  saline  solution,  they  attach  themselves  only 
to  that  side  of  the  vessel  which  is  most  strongly  illuminated.  He 
was  thus  able  to  cause  crystals  to  form  on  any  selected  side ;  and 
by  placing  a  screen  before  the  vessel  he  found  that  the  line  between 
light  and  darkness  was  distinctly  marked  by  tlie  limit  of  crystalliza- 
tion.    This  result  is  most  readily  obtained  with  the  metallic  salts."{ 

Let  us  now  ascertain  how  i'ar  these  several  facts,  embodied  in  the 
foregoing  propositions,  will  serve  to  explain  the  phenomena  of  the 
daguerreotype ;  and  in  order  to  do  this,  we  must  follow  the  process 
from  its  very  commencement. 

The  first  step  in  our  process,  then,  is  to  prepare  a  highly  polished 
silver  tablet,  which  is  a  conductor  of  electricity.  This  prepared  ta- 
blet is  then  placed  in  a  box  containing  a  small  quantity  of  iodine, 
"  a  non'-conductor  of  electricity ."§ 

The  vapour  of  iodine  rises ;  and  we  know,  by  the  fact  embodied 
in  our  fourth  proposition,  that  it  is  charged  with  electricity.  The  first 
film  of  iodine  which  is  deposited  upon  the  plate  bses  its  electricity 
by  coming  in  contact  with  a  conducting  surface  of  silver ;  but  the 
alter  portions  of  condensed  vapour  retain  their  electricity,  for  they 
do  not  fall  upon  the  conducting  silver,  but  upon  the  film  of  non- 
conducting iodine,  which  has  just  been  deposited. 

The  result,  then,  of  the  first  operation  is  the  production  upon  the 
silver  tablet  of  a  non-conducting  surface,  the  upper  portions  of  which 
are  charged  with  electricity. 

Now,  instead  of  at  once  transferring  this  prepared  plate  to  the 
camera,  let  it  be  submitted  to  the  vapour  of  mercury  in  tne  ordinary 
way — but  no  mercury  will  adhere  to  it.  The  conclusion  is  irresisti- 
ble. The  vapour  of  mercury  we  know  to  be  electrified  (proposition 
iv),  and  its  electricity  is  evidently  similar  to  that  of  the  prepared 
tablet;  tlierefore  it  is  repelled  by  it  (proposition  ii). 
Let  us  now  return  to  the  generally  adopted  process : 

The  plate  is  placed  in  the  focus  of  a  camera  obscura,  where  it  re- 
mains exposed  to  the  action  of  light  for  a  certain  period  of  time.   It 

*  Dr.  Roget'9  Treatise  on  Electricity^  page  55, 
t  Daniel's  Elements  of  Chemical  Philosophy ^  page  399. 
X  Daniel's  Introduction  :  before  quoted,  page  399. 
\  Brande's  Chemistry y  vol.  i,  page  \55, 
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is  then  sobmitted  to  the  vapour  of  mercury,  not,  however,  with  the 
same  result  as  before.  The  mercury  is  now  no  longer  repelled  by 
those  portions  of  the  tablet  which  have  been  submitted  to  a  strong 
light,  out  is  attracted  and  accumulated  there  in  exact  proportion  to 
the  degree  of  action  which  has  taken  place  at  these  several  points. 
The  plate  may  now  be  exposed  with  safety  to  the  light,  even  before 
the  coating  is  washed  away ;  for,  as  we  do  not  wish  again  to  expose 
it  to  the  vapour  of  mercury,  the  electrical  condition  of  its  surface  is 
perfectly  immaterial.*  From  a  consideration  of  the  several  points 
enumerated  above,  it  follows,  that  when  the  charged  plate  is  exposed 
to  the  action  of  light,  its  electricity  is  lowered,  or  totally  destroyed, 
in  the  illuminated  parts,  and  its  repulsion  to  the  vapour  of  mercury 
no  longer  maintained.  It  would  appear,  too,  from  the  foregoing 
propositions,  that  light  itself  is  either  the  same  with  electricity,  or 
that  it  has  the  power  of  exciting  that  agency  in  the  bodies  upon 
which  it  falls ;  for,  by  our  third  proposition,  we  find  that  *'  positive 
electricity  can  only  be  neutralized  by  negative,  and  negative  by  po- 
sitive." If  therefore,  we  once  determine  the  nature  of  &e  electricity 
of  the  vapour  of  iodine  or  of  mercury,  we  can  readily  ascertain  that 
of  light,  for  it  must  be  of  the  opposite  kind. 

Such  then,  given  in  his  own  words,  are  Mr.  Baggs's  views  of  the 
phenomena  of  the  daguerreotype.  That  the  propositions  upon 
which  his  reasoniag  is  founded  are  correct  and  well  established,  no 
one  will  for  a  moment  doubt  The  question,  therefore,  is,  are  the 
deductions  from  the  facts  embodied  in  the  data  sound  and  logical, 
and  will  they  bear  the  test  of  close  and  accurate  experiment  P  If 
Mr.  Baggs's  theory  be  correct,  much  will  be  accomplished  in  the  elu- 
cidation of  some  of  the  most  profound  mysteries  of  science.  We 
wish  he  would  still  continue  his  researches  in  this  important  matter, 
nor  rest  content  with  the  mere  outworks  of  the  question.  We  would 
venture  to  remind  him  of  the  words  placed  by  Juvenal  in  the  mouth 
of  the  one-eyed  Hannibal  when  he  had  overcome  the  rugged  passes 
of  the  Alps,  and  already  stood  upon  the  plains  of  Italy. 

^'  Actiim«  inquit,  nihil  est  nisi  Pane  milite  portaa 
Frangimus,  et  media  vexillnm  pono  saborra." 
Febraary,  1842. 


EARTHQUAKES,     ELECTRIC     STORMS,     etc. 

Terrific  Thunder  Storm  in  Ireland, 

On  Sunday  morning,  Feb.  9,  this  town  and  the  vicinity  was 
visited  with  one  of  the  most  tenific  thunder  and  lightning  storms 
recollected  even  by  the   very  oldest    inhabitants.      About  seven 

*  In  detailing  the  steps  of  the  pToeess,  Mr.  Baggs,  for  the  sake  of  simplicity, 
merely  refers  to  the  employment  of  iodine  as  the  sensitive  materiaL  toat  be- 
ing the  snbstance  originally  nsed  by  Dagnerre.  The  employment  of  the 
sensitive  componnd  of  chlonne  and  iodine,  however,  conld  not  at  all  affect 
the  troth  of  the  author's  propositions. 
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o'clock,  A.M.,  the  wind  commenced  blowing  a  perfect  hurricane  from 
the  N.N.W.,  the  rain  and  large  hailstones  descending  in  torrents, 
and  deluging  the  face  of  the  country.  Loud  peals  of  thunder  and 
yivid  flashes  of  lightning  followed  in  close  succession,  and  continued 
for  nearly  five  hours.  Several  houses  in  Milebush  were  blown 
down  ;  and  the  electric  fluid  killed  half  a  dozen  sheep  and  pigs  in 
the  parish  of  Breaffy.  Throughout  different  parts  of  the  country 
we  understand  that  Ihe  injury  done  to  cattle  and  poultry  has  been 
very  considerable ;  but  happily,  so  far  as  we  have  been  able  to  ascer- 
tain, there  was  no  destruction  of  human  life.  During  the  conti- 
nuance of  the  gale,  it  blew  more  powerfiilly  than  during  the  memo- 
rable storm  of  January,  1839. — Mayo  Telegraph, 


An  Earthquake  in  Cornwall, 

A  report  has  been  drawn  up  by  Mr.  Hunt,  for  the  Polytechnic 
Society,  of  the  particulars  of  the  earthquake  felt  in  Cornwall,  on  the 
17th  of  February  last ;  from  which  we  collect  the  following  particu- 
lars : — In  the  neighbourhood  of  Falmouth  the  noise  attracted  atten- 
tion, although  but  few  persons  felt  any  tremulous  motion.  At 
Penrjn  the  disturbance  was  more  decidedly  felt,  doors  were  shaken 
and  Uie  earthenware  rattled  on  the  shelyes.  At  Roosuiooth,  and 
down  the  valley,  the  shock  was  considerable,  and  the  first  impression 
was  that  the  powder  mills  in  the  neighbourhood  had  exploded.  The 
inhabitants  of  the  villages  of  Comfort  and  Lammer,  about  the  junc- 
tion of  the  granite  and  killas,  or  clay  slate,  left  their  houses,  thinking 
that  some  serious  explosion  had  occurred  at  the  neighbouring  mine. 
At  Cann  Marth,  a  widow  woman  ran  out  shrieking  that  the  side  of 
her  house  was  falling  in.  In  Poldory,  the  shock  was  felt  by  the 
men  working  130  fathoms  below  the  surface.  In  other  places  it 
was  felt  even  more  intensely ;  and  at  Constantine  doors  flew  open, 
persons  were  shaken  in  their  beds,  and  some  men  working  in  the 
house  ran  out  to  know  what  was  the  matter.  At  Helstone  the  dis- 
turbance was  considerable.  At  West  Wheal  mine,  men  at  work  in 
the  100  fathom  level  felt  a  shock,  and,  as  it  were,  a  rush  of  air ;  so 
much  so  that  one  of  the  candles  was  put  out  by  it,  accompanied  by 
a  noise  which  made  them  think  that  one  of  the  shafts  had  crushed 
in.  This  appears  to  have  been  the  most  westerly  part  at  which  the 
tremor  was  felt,  although  the  noise  was  heard  further,  but  in  di- 
minished force.  Mr.  Hunt  states  that,  on  referring  to  a  geological 
map  of  the  county,  it  will  be  found  that  the  greatest  effects  were 
produced  near  the  edge  of  the  granite  mass,  which  extends  from  the 
north-east  to  the  south-west ;  from  Cann  Marth  to  the  south  of  Pen- 
ryn.  Although  it  was  felt  at  Falmouth,  Helstone,  and  other  places, 
which  are  on  the  clay  slate,  yet  all  his  inquiries  went  to  show  that  it 
diminished  rapidly  in  force  as  the  distance  from  the  granite  increased. 
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A  Factory  Chimney  Struck  by  Lightning. 

During  the  thunder  storm  which  visited  this  neighbourhood,  on 
Sunday  afternoon,  Feb.  27»  a  chimney,  in  the  yard  of  the  cotton 
mill  of  Messrs.  Carr  and  Co.,  Heaton  Lane,  Stockport,  was  struck 
by  lightning.  The  chimney,  which  is  octagonal  and  of  recent  erec- 
tion, stands  detached  in  the  middle  of  the  factory  yard,  and  is  about 
seventy  yards  high.  The  electric  fluid  broke  the  cornice  of  the 
chimney,  taking  with  it  a  number  of  the  inside  and  outside  bricks, 
and  descended  down  an  external  angle,  tearing  the  brickwork  from 
the  fabric  to  the  breadth  of  fifteen  or  twenty  inches,  and  eight  or 
ten  yards  in  length.  For  eight  or  ten  yards  lower  down,  the  chim- 
ney is  not  perceptibly  injured;  but  at  that  distance  the  outside 
brickwork  is  again  torn  ojBf,  perhaps  to  the  breadth  of  two  feet,  and 
a  yard  and  a  half  or  two  yards  in  length.  Seven  or  eight  yards 
lower  down,  but  not  in  a  parallel  line,  is  a  somewhat  similar  frac- 
ture, after  which  no  other  damage  is  perceptible  on  the  outside. 
What  may  be  the  injury  to  the  inside  of  the  chimney  has  not  yet 
been  ascertained,  it  not  having  yet  been  examined.  The  occurrence 
will  not  throw  any  hands  out  of  employ  during  repairs,  as  the  mill 
has  been  closed  several  months. 


Destructive  Earthquake  in  St,  Domingo. 

The  following  account  of  a  most  frightful  and  destructive  earth- 
quake in  the  island  of  St.  Domingo  is  given  by  the  New  York 
Morning  Courier,  from  a  Port-au-Prince  paper  of  the  11th  of 
May : — 

On  Saturday,  the  7th  inst.,  at  twenty  minutes  past  seven  in  the 
evening,  we  experienced  some  severe  shocks  of  an  earthquake,  which 
put  the  whole  town  in  commotion.  At  midnight  a  thick  meteor 
was  perceived  passing  to  the  east.  The  heat  was  excessive,  and 
thick  clouds  hung  over  the  neighbouring  mountain,  going  in  a  direc- 
tion from  the  south-east  to  the  north-east.  The  seamen  who  were 
in  the  roads  report  that  they  felt  the  shock  before  they  saw  the 
houses  shake,  which  would  indicate  that  the  shock  came  from  the 
east.  Many  persons,  however,  think  that  the  oscillations  came  from 
the  north  and  went  south.  There  were  two  very  decided  shocks^ 
the  first  was  not  so  long  as  the  second ;  the  latter  was  the  most  vio- 
lent, and  lasted  about  three  minutes.  All  abandoned  their 
houses,  and  the  streets  were  filled  with  the  affrighted  popula- 
tion. But  a  littie  more,  and  Port-au-Prince  would  have  been 
the  scene  of  a  disaster  similar  to  that  of  1770,  a  fatal  year,  which 
occurred  to  the  minds  of  every  one.  There  is  scarcely  a  single  brick 
or  stone  house  which  has  not  sufiered  damage ;  they  are  all  more  or 
less  dflftnaged.  Some,  it  is  said,  are  scarcely  habitable.  The  facade 
of  the  Senate  House,  on  which  is  sculptured  the  arms  of  the  repub- 
lic, surmounted  by  the  tree  of  liberty,   were   detached  from   the 
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•edifice,  and  broken  into  pieces  by  the  fall.  Hie  interior  of  the 
building  has  also  received  some  damage.  In  the  night,  between 
Saturday  and  Sunday,  two  shocks  were  again  felt ;  but  not  as  vio- 
lent as  ihe  first ;  one  at  10  o'clock,  and  the  other  at  12.  At  11 
o'clock  in  the  morning  of  Sunday  came  another  shock:  mass  at 
church  was  interrupted,  and  those  officiating  at  it  ran  away,  and 
many  females  fainted.  Monday,  at  11  o'clock  in  the  morning,  ano- 
ther shock.  The  weather,  during  these  three  days,  had  a  lowering, 
and,  at  times,  a  threatening  appearance.  Monday  evening,  a  little 
rain,  with  excessive  heat  before  and  afterwards ;  night  cool.  Tues- 
day, a  change  of  weather ;  return  of  the  breeze  and  appearance  of 
rain.  In  the  evening,  at  eight  o'clock,  the  weather  was  stormy,  and 
every  thing  seemed  to  indicate  abundance  of  rain.  The  hopes  we 
entertained  yesterday  have  not  been  realized.  On  Wednesday  we 
were  awoke  at  a  few  minutes  before  five  in  the  morning  by  another 
earthquake.  During  these  latter  days  it  appears  to  us  as  if  the  earth 
on  which  we  were  walking  was  constantly  quaking. 

Saint  Marc. — ^A  letter  from  this  town,  which  has  been  commu- 
nicated to  us,  informs  us  that  there,  too,  the  earthquake  of  Saturday 
last  was  felt  with  the  greatest  violence  ;  many  houses  have  been  so 
much  shaken  that  they  threaten  every  instant  to  fall  down.  On 
«ome  plantations,  in  die  neighbourhood  of  the  town  very  great  da- 
mage has  been  done. 

GoNAivEs,  May  8. — Yesterday  afternoon  an  earthquake  was  felt 
in  this  city,  which  was  so  violent  that  most  of  the  houses  in  it  were 
thrown  down.  At  the  same  time,  in  consequence  of  the  shock,  a 
fire  broke  out  in  the  apothecary's  shop  of  Mr.  Invemezzes,  and  con- 
sumed, in  a  few  moments,  an  entire  block.  The  fiames  destroyed 
everything  that  came  in  their  way  ;  there  was  not  a  drop  of  water 
in  the  town.  All  the  houses  which  have  not  been  burnt  down  have 
been  injured  by  the  earthquakes,  and  this  morning  the  shocks  occur 
every  quarter  of  an  hour.  The  «hops  of  Madame  John  Joufierts 
and  M.  Dupuy  have  fallen  a  prey  to  the  flames.  The  shops  of  M. 
ilichard  Dauphin  and  M.  Oster,  built  of  stone  and  brick,  have 
fallen  down.  Houses  and  shops  are  inaccessible,  and  we  write  these 
hurried  lines  in  the  street.  The  whole  population  has  passed  the 
night  in  the  middle  of  the  streets.  Of  the  merchandise,  which  the 
merchants  had  been  obliged  to  pfle  up  in  the  public  square,  a  great 
part  has  been  stolen.  It  is  impossible  at  present  to  estimate  the 
extent  of  the  loss.  The  church,  the  prison,  the  national  palace,  the 
treasury,  the  arsenal,  and  the  house  which  was  getting  ready  for  the 
colonel  commanding  this  district,  are  now  nothing  more  than  a  heap 
of  ruins.  In  short,  no  one  has  escaped  the  calamity.  Now,  while 
we  are  writing,  the  fire  is  entirely  extinguished ;  but  the  sky  looks 
threatening,  and  we  are  afraid  of  more  shocks.  If,  unfortunately, 
our  fears  should  be  realised,  there  will  be  an  end  of  the  few  houses 
remaining  standing,  and  Gonaives  will  be  no  more.  The  first  and 
principal  shock  lasted  about  five  minutes,  and  was  followed,  during 
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the  Ziight,  by  more  than  twenty  others,  which,  though  not  so  violent, 
were  equally  fearful.  It  is  now  eight  o'clock  in  the  morning.  Not 
half  an  hour  has  passed  since  we  had  another  violent  shock.  The 
number  of  persons  killed  and  wounded  is  not  yet  known.  All 
the  prisoners  who  were  not  buried  under  the  ruins  of  the  prison  have 
escaped.  God  grant  that  the  capital  may  not  have  been  afliicted 
with  a  similar  misfortune. 

Cape  Haiten,  Wednesday,  Six  o'Clock  in  the  Evening. — 
Most  deplorable  news  is  spreading  throughout  the  city.  It  has  been 
brought  by  Mr.  Obas,  son  of  the  general  commanding  the  district 
of  Plaisance.  In  consequence  of  the  earthquake  which  was  felt  here 
on  Saturday  evening,  Cape  Town  has  entirely  disappeared,  and 
with  it  two-thirds  of  the  populaHon,  The  families  wluch  escaped 
this  disaster  have  taken  refuge  at  La  Fosette,  where  they  are  with- 
out shelter,  clothes,  or  provisions*  *Such  is  the  news  circulating  in 
town,  and  which  unfortunately  is  probably  too  true.  It  is  to  be 
hoped,  however,  it  will  not  be  confirmed  in  its  full  extent.  It  is 
said  that  the  president  of  Hayti  has  given  orders  to  the  physicians 
and  officers  of  health  attached  to  the  hospital,  to  set  off  this  evening, 
and  give  their  assistance  to  the  unfortunate  victims  of  this  disaster. 
Captain  Morris  (of  the  brig  William  Nelson,  which  brings  the  ac- 
count) states,  in  addition,  that  a  few  hours  previous  to  his  depar- 
ture, a  courier  arrived  with  information  that  at  Cape  Haiten  a  fire 
succeeded  the  earthquake,  destroying  the  remaining  houses,  the 
powder  magazine,  and  the  remnant  of  the  inhabitants.  St.  Nicholas 
and  Port  Paix  are  said  to  be  in  ruins>  and  in  fact  all  the  towns  on 
the  north  side  of  the  island.  According  to  a  letter  in  the  Journal 
of  Commerce,  but  one  inhabitant  of  the  Cape,  a  Mr.  Dupuy,  was  saved, 
idl  the  rest  being  either  crushed,  or  drowned  by  the  sea,  which  rose 
and  submerged  the  city.  FearAil,  fearful  indeed,  are  the  particulars 
of  this  awfiil  visitation. 


Terrific  Thunder-storm, 

On  Wednesday  afternoon.  May  27,  the  town  of  Birmingham  was 
visited  by  one  of  the  most  terrific  thunder-storms  that  we  have  wit- 
nessed for  some  time  past.  Fortunately,  no  loss  of  life  has  been 
occasioned  by  it;  but  a  circumstance  occurred  in  Coleshill-street, 
which  caused  the  greatest  consternation  in  the  neighbourhood. 
While  Mrs.  Spiers,  the  landlady  of  the  Green  Man  Tavern,  was 
standing  at  the  window  with  her  servant,  they  both  received  a  shock 
at  the  back  of  the  head,  as  though  some  person  had  struck  them. 
At  the  same  time,  the  room  appeared  to  be  enveloped  in  smoke  and 
flame,  a  strong  smell  of  sulphur  pervaded  the  apartment,  the  servant 
was  knocked  down,  and  a  part  of  the  window-frame  was  violently 
displaced.  But,  in  the  upper  part  of  the  house,  the  effects  produced 
were  even  more  singular.     A  strong  oak  door-post  was  shivered 
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into  small  strips  resembling  laths,  and  many  of  these  pieces  were 
conveyed  to  the  distance  of  several  yards.  The  window-frame  was, 
in  this  instance,  forced  inwards,  the  bell-wires  were  partly  fused  or 
else  broken  up  into  short  lengths,  and  marks  were  observed  in  dif- 
ferent parts  of  the  house,  as  though  the  electric  fluid  had  singed  it 
in  the  course  of  its  rapid  transit.*— ^irmf'n^Aam  Gazette. 


Thunder  and  Hailstorm^  near  Retford. 

During  the  evening  of  Friday  last.  May  29,  between  seven  and 
eight  o'clock,  a  severe  storm  of  thunder,  lightning,  and  hail,  passed 
over  the  village  of  Mattersea,  and  the  adjoining  villages,  near  Ret- 
ford, which  did  considerable  damage.  The  thunder  and  lightning 
were  extremely  awful ;  but  the  injury  done  to  vegetation  was  by 
hail,  which  lay  from  two  to  three  inches  in  thickness,  and  consisted 
more  of  large  and  irregularly  formed  pieces  of  ice,  than  of  common 
hail ;  and  such  was  its  density,  that  on  the  following  morning  it  lay 
exposed  in  large  masses  under  the  hedges  in  every  direction.  The 
damage  done  to  the  gardens  is  very  considerable,  especially  to  the 
fruit  trees ;  but  every  part  of  the  vegetable  world  has  suffered 
severely  by  this,  happily,  not  very  frequent  occurrence  in  this  part 
of  the  country. — Doncaster  Gazette. 


The  Weather. 

The  heaviest  rain  and  the  most  appalling  thunder  and  lightning 
experienced  at  Stamford  for  many  years,  occurred  between  one  and 
two  o'clock  last  Tuesday  afternoon,  June  14.  The  day  had  been 
extremely  sultry,  and  the  storm  came  on  suddenly  from  the  west. 
The  rain  descended  in  such  torrents  as  made  many  of  the  streets  re- 
semble the  channels  of  rapid  rivers,  and  flooded  houses  in  low  situa- 
tions to  the  depth  of  two  or  three  feet.  Even  those  in  elevated  parts 
of  the  town  were  also  damaged,  by  the  insufficiency  of  ordinary 
spouting  to  carry  off  the  water  from  parapets  and  cisterns,  and  from 
this  cause  general  consternation  was  produced ;  but  the  alarm  was 
fearfully  augmented  by  the  lightning,  succeeded  by  thunder  of  that 
tremendously  loud,  continued,  and  crackling  kind,  which  is  under- 
stood to  imply  the  presence  of  the  greatest  danger  from  such  visita- 
tions. About  half-past  one  o'clock,  the  electric  fluid  struck  the 
beautiful  spire  of  St.  Mary's  Church,  built  in  the  year  1260,  and 
considerably  damaged  its  highest  part,  forcing  some  feet  of  the  stone- 
work out  of  the  perpendicular,  and  also  striking  off  large  pieces  of 
the  ornamental  parts  from  two  of  the  upper  windows.  Several  of 
the  stones  fell  into  the  street,  near  Standwell's  Hotel,  and  #thers 
were  afterwards  picked  up  in  the  belfry.  It  is  feared  that  the 
damage  done  to  the  steeple  is  considerable,  and  that  very  costly  re- 
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pairs  wiU  be  necessary.  Passing  onward  to  the  north-east,  the  light- 
ning struck  an  attic  window  in  the  house  of  Mr.  Mortlock,  bookseller, 
smashing  five  panes  of  glass,  and  rending  the  frame-work  to  shivers. 
It  then  greatly  damaged  a  stack  of  chimneys  of  the  next  house,  oc- 
cupied by  Mr.  Althorp,  druggbt,  and  pierced  through  the  slated 
roof  into  a  closet  containing  a  large  quantity  of  Congreve  matches 
in  boxes  :  happily  these  combustibles  were  not  ignited,  or  the  con- 
sequences might  have  been  dreadful ;  some  of  the  boxes  containing 
the  matches  were  actually  thrown  to  the  ground  from  shelves  on 
which  they  had  stood,  but  their  contents  were  not  deranged. — jS'tam- 
ford  Mercury, 


NOTICES  OF  NEW  BOOKS. 

DicHonary  of  the  Arts,  Sciences,  and  Manufactures ;  Illustrated  by 
Eleven  Hundred  Engravings,  By  G.  Francis,  F.L.S.  ;  Author  of 
The  Analysis  of  British  Ferns,  The  Little  English  Flora,  The 
Grammar  of  Botany,  &c. — Bkittain  :  Patemoster-row,  London. 
Wb  have  looked  over  Mr.  Francis's  Dictionary  of  the  Arts^ 
Sciences,  and  Manufactures,  with  a  great  deal  of  pleasure,  because 
we  find  it  to  be  a  book  of  extensive  usefulness,  and  one  that  was 
much  wanted.  It  is,  indeed,  the  only  one  of  the  kind  that  we  have 
hitherto  met  with,  and  we  are  inclined  to  think  that  there  is  no 
other  of  its  kind  in  the  English  language.  It  contains  an  immense 
number  of  technicalities  which  are  of  continual  occurrence  to  readers 
of  scientific  works  :  many  of  which,  being  of  recent  birth,  are  not 
to  be  found  explained  in  any  other  work.  Mr.  Francis,  being  him- 
self well  initiated  in  the  principles  of  science,  and  an  extensive 
reader  of  scientific  works,  as  well  as  being  an  investigator  and 
teacher,  is  weU  qualified  for  such  an  undertaking;  and,  we  are 
perfectly  aware  that,  independently  of  such  qualifications,  no  author 
could  have  produced  a  work  of  such  high  interest,  to  the  generality 
of  scientific  readers,  as  that  now  before  us.  Every  technical  word 
and  phrase  in  the  book  is  clearly  and  fully  explained;  and  up- 
wards of  a  thousand  of  them  are  illustrated  by  well- finished  en- 
gravings. Every  reader  of  scientific  works  ought  to  have  this 
dictionary  at  his  elbow. 

Mr.  Francis  is  also  bringing  forward  another  work  of  great  in- 
terest, which  we  shall  notice  more  particularly  in  our  next  number. 
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Letter  from  William  Sturgeon  to  Professor  Silliman. 

Mt  dear  Sir, 

In  looking  over  your  excellent  journal  for  April  last,  I  find  a 
letter  inserted  from  a  London  correspondent,  to  whom  I  ought  to  be 
much  obliged  for  acknowledging,  though  reluctantly,  that  /was the 
discoverer  of  the  remarkable  fact,  that  the  extremity  of  the  poritwe 
voire  of  a  voltaic  battery  becomes  red  hot  outside  of  the  electric  cir- 
cuit. As  your  correspondent  has  neither  laid  claim  to  any  partici- 
pation in  die  experiments,  nor  contradicted  any  of  my  statements  on 
the  subject,  a  perfect  stranger  to  the  mao,  and  to  the  hitherto  un- 
published transactions  connected  with  that  affair,  and  to  some  others 
netween  me  and  the  London  Electrical  Society,  would  be  at  a  loss 
to  understand  the  motives  which  induced  him  to  address  you; 
unless,  indeed,  they  could  perceive,  as  possibly  they  might,  a  dispo- 
sition evinced  to  laud  Mr.  Gassiotfs  liberality — to  blame  me  for  not 
selling  my  "  right  for  a  mess  of  pottage," — and  a  decided  hatred  to 
the  pronoun  I. 

Your  correspondent  says,  **  I  am  surprised  that  in  a  joint'Stook 
undertaking  like  this,  he  (W.  S.)  should  talk  of  his  experiments  as 
distinct  from  those  of  the  rest,  but  more  so  when  these  were  kept 
secret  from  us.''  This  is  "  We  blew  the  bellows,"  in  earnest.  With 
the  exception  of  the  peculiar  distribution  of  the  battery  for  the  de- 
composition of  water,  which  was  solely  devised  by  Mr.  Mason,  there 
were  no  experiments  on  the  occasion  but  those  which  were  projected 
and  carried  into  execution  by  myself;  neither  have  I  heard  of  any 
discovery  bein?  made  with  that  battery  since  the  time  that  I  left  the 
"joint-stock  "business,  of  the  proceedings  of  which,  I  got  sufficient 
experience  for  a  whole  life-time  in  a  very  few  meetings.  These 
facts,  I  hope,  are  sufficient  reasons  for  my  declining  to  bring  for- 
ward any  other  experiments  in  the  joint-stock  undertaking  ;  and  had 
there  been  no  other  demonstration,  the  whole  tenour  of  your  corres- 
pondent's letter  would  have  amply  proved  that  I  was  not  mistaken 
in  the  views  which  were  then  forced  upon  me,  of  the  probable  conse- 
quences of  a  continuation  of  my  humble  labours,  where  even  credit 
alone  was  already  too  great  a  boon  for  them. 

In  conclusion,  permit  me  to  exonerate  you  from  anv  blame  which 
you  may  suspect  of  having  fallen  into  by  the  pubiicaUon  of  my 
letters.  I  write  no  secrets:  which  practice,  I  believe,  is  my  pre* 
vailing  sin.  And,  when  you  read  a  series  of  documents,  which  I 
shall  now  be  induced  to  publish,  I  think  you  will  not  blame  me  for 
making  either  hasty  claims  to  discovery,  or  hasty  disclosures  of  un- 
courteous  treatment. 

I  am,  dear  Sir, 

Your^s  truly, 

William  Sturgeon. 
Royal  Victoria  Gallery  of  Practical  Science,  Manchester, 

June  20th,  1S42. 
To  Professor  Silliman. 
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MEETING    OF    THE    BRITISH    ASSOCIATION    IN 

MANCHESTER. 

FIRST   MEETING    OT    THE    GENERAL   COMMITTEE. 

The  general  committee  held  its  first  meeting  in  the  lecture  theatre 
of  the  Royal  Institution,  at  one  o'clock  on  Wednesday,  June  22nd, 
for  the  election  of  sectional  officers  and  the  transaction  of  general 
business,  when  there  was  a  numerous  attendance  of  members.  The 
Rev.  Professor  Whewell,  of  Cambridge,  occupied  the  chair.  Amongst 
those  present  we  observed  our  venerable  townsman,  Dr.  Dalton,  who 
appeared  to  take  great  interest  in  the  proceedings. 

Professor  John  Phillips  read  the  minutes  of  the  two  last  meetings 
of  the  general  committee,  which  were  confirmed. 

The  Chairman  observed,  that  in  order  to  induce  men  of  science 
and  distinction  to  attend  the  meeting,  letters  had  been  written  to 
various  foreign  bodies,  the  object  of  which  was  the  prosecution  of 
science,  inviting  them  to  send  men  of  science  here,  and  informing 
them  that  every  accommodation  would  be  provided  for  them.  Al- 
though some  distinguished  foreigners  would  be  present,  yet  some  of 
those  societies  had  deputed  countrymen  of  our  own  to  represent  them, 
and  he  believed  Dr.  Faraday  coidd  speak  on  behalf  of  one  body. 

Dr.  Faraday  said  he  had  the  honour  of  appearing  before  the 
meeting  as  the  representative  of  the  Academy  of  Sciences  at  Modena, 
the  members  of  which  had  deputed  him  to  return  thanks  on  their 
behalf  for  the  kind  invitation  which  had  been  forwarded  to  them  by 
the  committee  of  the  British  Association  ;  and  he  was  authorised,  at 
the  same  time,  to  express  the  great  desire  felt  by  those  whom  he  re- 
presented to  co-operate  and  do  everything  in  their  power  for  the 
advancement  of  science.  Sir  John  Herschel  was  combined  with 
him  in  this  matter,  whom  he  hoped  to  have  had  the  pleasure  of  see- 
ing present. 

The  Chairman :  The  next  proceeding  is  the  report  of  the  general 
council,  which  manages  the  affairs  of  the  society  in  the  interval  be- 
tween the  general  meetings,  and  which  prepares  the  report  which 
the  secretary  will  now  read. 

Lieut.-Colonel  Sabine,  F.R.S.,  one  of  the  general  secretaries,  then 
read  the  following  report : — 

REPORT  OF  THE  COUNCIL  TO  THE  GENERAL  COMMITTEE. 

1.  The  council  having  Icamt  that  it  had  been  the  intention  of  the 
geological  section,  at  the  meeting  at  Plymouth,  to  have  proposed  to 
tiie  conunittee  of  reconunendations  that  Mr.  Edward  Forbes  should 
be  requested  to  draw  up  a  report  on  the  radiata  and  mollusca  of  the 
^gean  and  Red  Seas,  and  that  £60  should  be  placed  at  his  disposal 
for  expenses  connected  therewith — but  that,  from  a  circumstance 
purely  accidental,  this  proposition  had  not  been  submitted  to  the 
committee  of  reconunendations,  and  being  also  informed  tliat  Mr. 
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Edward  Forbes  was  then  in  the  localities  referred  to,  and  willing,  if 
requested,  to  prosecute  the  researches,  and  furnish  the  report  in 
question — ^the  committee  passed  the  following  resolution : — "  That 
Mr.  Edward  Forbes  be  requested  to  draw  up,  for  the  British  Asso- 
ciation, a  report  on  the  radiata  and  mollusca  of  the  ^gean  and  Red 
Seas,  with  special  reference  to  the  relation  of  the  recent  genera  and 
species  of  those  which  have  hitherto  been  supposed  to  exist  only  in 
a  fossil  state/'  With  regard  to  the  grant  of  £60,  which  it  had  been 
the  intention  of  the  sectional  committee  to  have  recommended,  the 
council  were  of  opinion  that  the  exigency  would  be  provided  for  in 
the  least  exceptionable  manner  by  requesting  the  treasurer  to  place 
that  siun  at  Mr.  Forbes's  disposal,  on  the  guarantee  of  individual 
members  of  the  council  that  the  amount  should  be  made  good  by 
private  subscription  among  themselves,  in  the  event  of  that  grant 
failing  to  pass  the  committee  of  reconunendations  or  the*  general 
committee,  when  it  should  be  brought  forward  at  Manchester. 

2.  With  the  view  of  securing  early  attention  to  an  important  sub- 
ject, the  council  requested  the  following  gentlemen,  who  were  stated 
as  willing  to  act  together  for  the  purpose,  to  consider  the  rules  by 
whicti  the  nomenclature  of  zoology  might  be  established  on  a  uniform 
and  permanent  basis,  and  to  report  thereon  to  section  D,  at  the 
meeting  at  Manchester : — Mr.  Darwin,  Professor  Henslow,  Rev.  N. 
Jenyns,  Mr.  Ogilvy,  Mr.  J.  Phillips,  Dr.  Richardson,  Mr.  Strick- 
land, and  Mr.  Westwood. 

3.  The  council  requested  Dr.  Lamont,  of  Munich,  corresponding 
member  of  the  British  Association,  to  draw  up  a  report  upon  the 
system  of  meteorological  observations  commenced  in  Germany,  the 
report  to  be  presented  at  the  present  meeting. 

4.  The  council  have  added  the  names  of  Dr.  Ritter,  of  Berlin  ; 
Professor  Boguslawski,  of  Breslaw,  and  Professor  Wartman^  of 
Lausanne,  to  the  list  of  corresponding  members  of  the  British  As- 
sociation. 

5.  The  council  have  considered  the  proposition  referred  to  them 
by  the  general  committees  for  admitting  to  the  meetings  the  children 
of  members  at  the  reduced  price  of  one  pound  per  ticket,  but  from 
information  which  has  come  before  them  during  the  preparation^  for 
the  present  meeting,  they  have  been  led  to  believe,  that  instead  of 
the  more  limited  plan  for  the  accommodation  of  a  few  young  persons, 
an  arrangement  might  be  preferable  by  which  individuals  generally, 
of  all  ages,  are  likely  to  derive  benefit  from,  or  give  assistance  in, 
the  sectional  meetings,  who  may  be  allowed  to  attend  those  meetings 
only  on  the  nomination  of  a  member,  paying  for  such  privilege  £1, 
and  receiving  an  appropriate  ticket,  distinct  from  that  of  the  members. 
The  council,  therefore,  recommend  to  the  general  committee  the 
expediency  of  permitting  this  plan  to  be  put  in  operation  provision- 
ally for  the  present  vreek,  and  that  the  propriety  of  its  being  con- 
tinued as  a  rule  of  the  association  be  determined  by  the  experi- 
ence of  its  working  on  the  present  occasion. 
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6.  The  time  allotted  for  the  sitting  of  the  sections  having  been 
found  at  seyeral  of  the  later  meetings  insufficient  in  the  case  of  some 
of  the  sections,  for  due  attention  to  be  given  to  various  papers  and 
subjects  brought  before  them,  and  the  useful  discussions  arising 
thereon  having  been  necessarily,  and  sometimes  very  unsatisfactorily, 
contracted  in  consequence,  the  council  have  been  led  to  suggest  the 
expediency  of  any  particular  section  so  circumstanced  holding  an 
evening  meeting  by  adjournment.  By  an  occasional  recourse  to 
such  a  practice,  the  council  are  of  opinion  that  the  very  important 
purposes  of  the  sectional  meetings  may  be  materially  furthered, 
without  trenching  unduly  on  the  opportunities,  also  extremely  valu- 
able, of  conversational  intercourse  amongst  the  members  of  the 
assembly  generally.  In  cases  also  where  the  subject  to  be  brought 
forward  is  of  interest  to  a  wider  circle  than  that  of  the  section  to 
which  it  more  particularly  belongs,  such  evening  meetings  would 
afford  to  the  members  of  other  sections  the  opportunity  of  being  pre- 
sent without  interfering  with  their  attendance  at  their  own  section. 

Should  this  suggestion  be  sanctioned  by  the  approval  of  the  general 
committee,  the  council  are  of  opinion  that  such  general  meetings 
might  be  arranged  without  difficulty  by  the  presidents  of  sections, 
acting  conjointly  with  the  officers  of  the  association. 

7.  It  has  been  notified  to  the  council,  that  a  deputation  has  been 
appointed  to  present  to  the  British  Association,  at  Manchester,  an 
invitation  to  hold  the  meeting  of  1843  at  York ;  and  that  a  deputa- 
tion would  also  attend,  on  the  part  of  the  citizens  of  Cork,  to  invite 
the  association  to  hold  the  meeting  of  1843  in  that  city. 

The  council  had  been  informed  that  on  a  proper  application  to 
her  Majesty,  the  Queen  might  be  graciously  pleased  to  place  at  the 
disposal  of  the  British  Association,  to  be  used  for  scientific  purposes, 
the  building  in  Richmond  Park,  formerly  occupied  as  the  Royal 
Observatory,  but  recently  dismantled ;  and  deeming  that  the  posses- 
sion of  that  building  might  materially  promote  the  objects  of  the 
association,  by  the  facilities  which  it  would  afford  for  the  prosecution 
of  experimental  inquiries  in  the  physical  sciences,  for  which  its 
locali^  is  peculiarly  suitable,  as  a  place  of  reception  for  instruments 
and  apparatus,  for  which  grants  might  have  been,  and  might  hereafter 
be  made  by  the  British  Association,  and  which,  for  general  and 
special  reasons,  it  may  be  desirable  to  place  in  it  for  use  or  preser- 
vation :  also  as  a  depoeitoiy  for  the  books  or  other  property  of  the 
association — ^required  the  president  and  general  secretaries  to  take 
the  necessary  steps  for  securing  this  important  advantage  for  the 
association.  The  building  has,  in  consequence,  been  granted,  and  is 
now  in  the  possession  of  the  trustees.     (Applause.) 

The  association  hope  that  this  proceeding  will  meet  the  approba- 
tion of  the  general  committee,  and  that  the  thanks  of  the  Association 
i&ay  be  conveyed  to  the  Queen,  through  the  Earl  of  Lincoln,  for 
this  instance  of  her  Mijesty's  gracious  favour  to  the  British  Associa- 
tion for  the  Advancement  of  Science.  (Applause.) 
b2 
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On  the  motion  of  the  Rev.  Wm.  Scoresbj,  D.D.,  the  report  was* 
received,  and  ordered  to  be  entered  on  the  minutes  of  the  general 
committee. 

R.  I.  Murchison,  Esq.,  F.R.S.,  moved  the  following  resolution : 
— "  That  the  Earl  of  Lincoln  be  requested  to  convey  to  her  Majesty 
the  Queen,  the  dutiful  and  grateful  thanks  of  the  British  Association, 
for  her  Majesty's  gracious  patronage  and  encouragement  of  science, 
in  placing  the  Royal  Observatory  at  Kew  at  the  disposal  of  the 
British  Association  for  the  prosecution  of  scientific  researches." 
Having  been  one  of  the  deputation  who  waited  upon  her  Majesty's 
government  when  the  application  was  made,  he  must  say  that  they 
showed  extreme  v^ingness  to  advance  the  objects  of  the  British 
Association.  The  building  was  in  such  a  condition  that  it  would 
not  require  repairing  for  many  years.  The  exact  purposes  to  which 
it  would  be  applied  were  not  yet  decided,  but  tiie  subject  would 
undergo  acardCul  consideration  in  the  conunittee  of  reconmiendations. 

The  Marquis  of  Northampton  seconded  the  motion,  observing 
that  the  granting  of  the  building  for  the  use  of  the  British  Associa- 
tion, was  a  proof  that  it  was  the  desire  of  her  Majesty,  as  well  as 
the  desire  of  the  government,  to  promote  the  interests  of  science. 

The  resolution  then  passed. 

On  the  motion  of  John  Taylor,  Esq.,  F.R.S.,  the  arrangement 
suggested  by  the  council  as  to  the  distribution  of  tickets  admitting 
persons  to  tiie  sectional  meetings  only,  on  payment  of  £1  each,  was 
approved. 

The  following  list  of  sectional  officers  and  committees  of  sections 
was  then  adopted,  with  the  understanding  that  the  committees  were 
to  have  the  power  of  adding  to  their  numbers  those  members  of  the 
association  whose  assistance  they  might  desire : — 

SECTION   A. — MATHEMATICAL   AND   PHYSICAL  SCIENCE. 

President:  The  Very  Rev.  G.  Peacock,  D.D.,  F.R.S.,  Dean  of 
Ely. 

rice-Presidents :  Sir  D.  Brewster,  K.H.,  F.R.S. ;  Sir  T.  M. 
Brisbane,  K.C.B.,  F.R.S. ;  Rev.  Professor  Lloyd,  F.R.S. ;  Sir  W. 
Hamilton. 

Secretaries :  Professor Stevelly,  A.M. ;  Rev.  W.  Scoresby,  F.R.S. ; 
Professor  M'Gullagh,  M.R.I.A. 

Committee  :  The  Earl  of  Rosse,  Professor  Bessel,  Professor  Er- 
man.  Colonel  Sabine,  Rev.  W.  Whewell,  J.  Phillips,  Sir  J.  F.  W. 
Herschel,  S.  E.  Cottam,  W.  Snow  Harris,  Professor  Frisiani ;  Pro- 
fessor Braschmann,  of  Moscow ;  Professor  Jacobi,  of  Konigsberg. 

SECTION   B. CHEMISTRY    AND   MINERALOGY. 

President :  John  Dalton,  D.C.L.,  F.R.S. 

Vice-Presidents  :  Professor  T.  Graham  F.R.S. ;  Rev.  W.  V. 
Harconrt,  F.R.S. ;  Michael  Faraday,  F.R.S. ;  C.  Henry,  M.D., 
r.R.S. 
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Secretaries :  Dr.  Lyon  Plajfair,  Robert  Hunt,  John  Graham. 

Committee :  Wm.  West,  John  Davies,  H.  C.  Campbell,  H.  H. 
Watson,  P.  Clare,  Alfred  Binyon,  Dr.  Daubeny,  H,  E.  Solly,  Pro- 
fessor Nuttall,  of  Philadelphia. 

SECTION   C. OSOLOGY   AND    PHYSICAL   OEOORAPHY. 

Ptesident :  R.  I.  Murchison,  F.R.S.,  &c.,  Pres.  G.S. 

Ffce-Presidents :  Sir  H.  T.  Delabeche,  F.R.S.,  F.G.S. ;  Rev. 
W.  BucUand,  D.D.,  F.R.S.,  F.G.S. ;  Rev.  A.  Sedgwick,  F.R.S., 
F.G.S. ;  R.  Griffith,  F.R.S. 

Secretaries :  H.  £.  Strickland,  F.G.S. ;  G.  Lloyd,  M.D.,  F.G.S. ; 
E.  Binney,  Sec.  Manch.  Geol.  Soc. ;  R.  Hutton,  F.G.S. 

ConmUee :  Professor  Owen,  F.R.S. ,  F.G.S. ;  John  Phillips, 
F.R.S.,  F.G.S. ;  the  Earl  of  Enniskillen,  F.G.S. ;  M.  Adolphe 
Erman ;  Count  A.  Yon  Keyserling ;  Dr.  Dieffenbach ;  Mr.  School- 
craft, U.S.,  Hon.  Mem.  G.S. ;  J.  Bateman  ;  Dr.  Blade  ;  H.  Orme- 
rod,  F.G.S. ;  John  Taylor,  F.R.S.,  F.G.S.  ;  W.  C.  Williamson ; 
W.  Gray,  jun.,  F.G.S. ;  Rev.  T.  Egerton,  F.G.S. ;  John  Hawk- 
shaw,  F.G.S. ;  James  Bryce,  F.G.S. ;  H.  C.  Campbell ;  Elias  Hall ; 
Matthew  Dawes,  F.G.S. ;  Rev.  D.  Williams,  F.G.S. ;  J.  B.  Ibbot- 
son,  F.G.S. 

SECTION  D. ZOOLOGY  AMD  BOTANY. 

President:  The  Hon.  and  Very  Rev.  Wm.  Herbert,  LL.D., 
F.L.S.,  Dean  of  Manchester. 

Vice-Presidents :  John  Richardson,  M.D.,  F.R.S. ;  John  Moore, 
F.L.S. ;  Sir  Williwu  Jardine,  Bart.,  F.R.8.E. ;  The  Bishop  of 
Norwich,  P.L.S. 

Secretaries :  Edwin  Lankester,  M.D.,  F.R.S. ;  Robert  Paterson, 
F.L.S. ;  J.  A.  Turner. 

Committee :  J.  F.  Royle,  M.D.,  G.  T.  Fox,  H.  E.  Strickland, 
Professor  Owen,  Professor  Henslow,  John  Blackwall,  Captain 
Brown,  Dr.  Daubeney,  John  E.  Gray,  Richard  Taylor,  Sec.  L.S. 

SECTION  E. MEDICAL  SCIENCE. 

President :  Edward  Holme,  M.D.,  F.L.S. 

Vice-Presidents  :  James  Lomas  Bardsley,  M.D. ;  C.  B.  Williams, 
M.D. 

Secretaries :  Dr.  Sargent  and  Dr.  Chaytor. 

Committee :  Dr.  Fleming,  Dr.  Lyon,  Dr.  D.  Hulme,  W.  J. 
Wilson,  T.  Turner,  J.  A.  Ransome,  Dr.  Roget,  Dr.  Chaytor. 

SECTION  F. STATISTICS. 

President :  George  William  Wood,  M.P.,  F.L.S. 

Vice-Presidents :  Lieut.  Colonel  Sykes,  Henry  Hallam,  F.R.S. ; 
Sir  Charles  Lemon,  Bart.,  F.R.S.  ;  G.  R.  Porter. 

Secretaries  :  Rev.  R.  Luney,  M.A.,  G.  W.  Ormcrod,  William 
Cook  Taylor,  LL.D. 
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Committee :  Marchese  Torrigiani,  Dr.  Alison,  His  ExceUencj 
Edward  Everett,  John  Roberton,  Wm.  Felb'n,  William  Langton^ 
P.  M.  James,  J.  Heywood,  F.R.S.,  R.  H.  Greg,  G.  Webb  Hall, 
Samuel  Turner,  J.  N.  Walker,  H.  I.  Porter,  F.S.S. 

SECTION    G. MECHANICAL    SCIENCE. 

President :  Rev.  Professor  Willis,  M.A.,  F.R.S.,  &c.,  &c. 

Vice-Presidents :  William  Fairbaim,  C.E. ;  Eaton  Hodgkinson, 
F.R.S. ;  Sir  M.  I.  Brunei,  F.R.S. ;  Sir  John  Robinson,  Sec.  R.S.E. 

Secretaries :  James  Thompson,  F.R.S. ,  Ed. ;  J.  Scott  RusseU, 
M.A.,  F.R.S.,  Ed. ;  I.  F.  Bateman,  C.E. ;  C.  Vignoles,  F.R.A.S. 

Committee  :  Sir  George  Stephenson,  E.  Woods,  John  Taylor,  P. 
Clare,  R.  Roberts,  J.  Whitworth,  J.  Nasmyth,  G.  W.  Buck,  A.  Lid- 
dell,  Professor  Moseley,  J.  S.  Enys,  J.  I.  Hawkins,  J.  Grrantham, 
Captain  Pringle,  Mr.  Tait,  the  Baron  Von  Bache,  his  Excellency  M. 
Reichel,  of  St,  Petersburgh,  and  John  Kennedy. 

A  committee  of  recommendations  was  then  nominated  from  among 
the  officers  of  the  different  sections, 

Professor  John  Phillips  afterwards  read  the  programme  of  the 
week's  proceedings,  printed  copies  of  which  are  prepared  for  the  use 
of  the  members.  With  respect  to  excursions,  he  remarked  that 
since  the  sections  had  only  five  clear  days  of  meeting,  it  was  thought 
better  not  to  make  arrangements  for  excursions  which  might  trench 
upon  the  sectional  meetings.  Arrangements,  however,  had  been 
made  for  enabling  members  of  the  association  to  visit  the  fossil  trees 
on  the  line  of  the  Bolton  Railway.  There  would  be  special  trains 
passing  from  Manchester  at  nine  o'clock  on  the  mornings  of  Friday, 
Monday,  and  Wednesday,  by  which  members  would  be  conveyed  to 
the  fossil  trees  and  back  gratuitously,  tickets  having  been  provided 
for  that  purpose.  There  was  also  an  excursion  for  Thursday,  the 
dOth  of  June,  after  the  meeting  was  over,  to  the  Worsley  tunnel  and 
collieries,  and  for  that  purpose  a  boat  would  leave  Knott  Mill  about 
eight  o'clock  in  the  morning. 

The  Chairman  then  announced  that  the  committee  would  adjourn 
to  Monday,  the  27th  June,  at  three  o'clock,  for  the  purpose  of  de- 
ciding the  question  which  would  then  be  brought  forward  as  to  the 
next  place  of  meeting,  and  other  business  relating  thereto. 


THURSDAY. THE    SECTIONS. 


The  scientific  business  of  the  association,  as  is  generally  known, 
is  transacted  in  several  different  classes  or  sections,,  which  meet  at 
the  same  hour,  in  spacious  rooms  provided  for  the  purpose.  The 
sections  met  for  the  first  time  on  Thursday  morning,  at  eleven 
o'clock,  at  the  following  places  : — 

Section  A.  (Mathematical  and  Physical  Science)^  Royal  Institu- 
tion Lecture  Theatre. 


Meeting  of  the  British  AMoeiation,  71 

Section  B.  (Chemistry  and  Mineralogy),  Literary  and  philoso- 
phical Society's  Meeting  Hall,  George-street. 

Section  C.  (Geology  and  Physical  Geography  J,  Athenaeum  Lec- 
ture Theatre,  George-street. 

Section  D.  (Zoology  and  Botany),  Council  Room  of  the  Natural 
History  Society's  Museum,  Peter-street. 

Section  E.  (Medical  Science),  News  Room  of  the  Mechanics* 
Institution,  Cooper-street. 

Section  F.  {Statistical  Science),  Refreshment  Room  of  the  As- 
sembly Rooms«  Mosley-street. 

Section  G.  {Mathematical  Science),  Lecture  Theatre  of  the  Me- 
chanics' Institution,  Cooper-street. 

Each  of  the  sectional  meeting  rooms  has  an  adjoining  room,  in 
which  the  respective  committees  of  sections  meet  every  morning  at 
ten.     The  foUowing  paper  occupied  Section  B.  on  Thursday : — 

Dr.  Playfair  said  that  Professor  Liebig  had  been  requested,  some 
few  years  ago,  to  apply  himself  to  the  consideration  of  questions  in 
vegetable  and  animal  physiology.  The  professor's  first  letter  had 
been  read  at  the  meeting  of  the  association  at  Glasgow,  in  the  year 
1 840.  The  second  letter  he  was  about  to  bring  before  their  notice. 
And  in  his  third  letter,  the  professor  intended  to  apply  the  principles 
of  organic  chemistry  to  diet  and  dietetics  ;  and  under  ibis  head  would 
be  comprised  the  nutriveness  of  particular  vegetables  in  the  fatten- 
ing of  cattle.  This  third  report,  it  was  at  first  supposed,  would  oc- 
cupy Professor  Liebig  for  two  years  ;  but  he  (Dr.  Playfair)  hoped 
he  should  have  the  pleasure  to  bring  it  before  the  association  at  their 
next  annual  meeting.  It  must  be  borne  in  mind  that  he  had  pre- 
pared his  abstract  for  a  mixed  and  general  audience  like  the  present, 
and  which  comprised,  he  was  happy  to  observe,  a  number  of  ladies. 
The  first  part  of  Professor  Liebig's  report  consisted  of  the  examina- 
tion of  the  processes  employed  in  the  nutrition  and  reproduction  of 
the  various  parts  of  the  animal  economy.  In  vegetables,  as  well  as 
in  animals,  we  recognise  the  existence  of  a  force  in  a  state  of  rest.  It 
is  the  primary  cause  of  gowth  or  increase  in  mass  of  the  body,  in  which 
it  resides.  By  the  action  of  external  influences,  such  as  by  pressure  of 
air  and  moisture,  its  condition  of  static  equilibrium  is  disturbed ;  and, 
entering  into  a  state  of  motion  or  activity,  it  occupies  itself  in  the  pro- 
duction of  forms.  This  force  has  received  the  appellation  of  vital 
force,  or  vitality.  Vitality,  though  residing  equally  in  the  animal 
and  vegetable  kingdoms,  produces  its  eflects  by  \\idely  different  in- 
struments. Plants  subsist  entirely  upon  manures  belonging  to  in- 
organic nature.  Atmospheric  air,  the  source  whence  they  derive 
their  nutriment,  is  considered  to  be  a  mineral  by  the  most  distin- 
guished mineralogists.  All  substances,  before  they  can  form  food 
for  plants,  must  be  resolved  into  organic  matter.  But  animals,  on 
the  other  hand,  require  highly-organised  atoms  for  nutriment.  They 
can  only  subsist  upon  parts  of  an  organism.  They  possess  within 
them  a  vegetative  life,  as  plants  do,  by  means  of  which  they  increase 
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in  size,  'without  consciousness  on  their  part ;  but  they  aise  distin- 
guished froip  vegetables,  by  their  faculties  of  locomotion  and  sensa- 
tion— faculties  acting  through  a  nervous  apparatus.  The  true  vege- 
tative life  of  animals  is  in  no  way  dependent  upon  this  apparatus, 
for  it  proceeds  when  the  means  of  voluntary  motion  and  sensation 
are  destroyed :  and  the  most  energetic  volition  is  incapable  of  exert- 
ing any  influence  on  the  contractions  of  the  heart,  on  the  motion  of 
the  intestines,  or  on  the  processes  of  secretion.  All  parts  of  the 
animal  body  are  produced  from  the  fluid  circulating  within  its 
organism,  by  virtue  of  vitality,  which  resides  in  every  organ.  A 
destruction  of  the  animal  body  is  constantly  procee<&ng.  Every 
motion,  every  manifestation  of  force,  is  the  result  of  the  trans- 
formation of  the  structure,  or  of  its  substance.  Every  conception, 
every  mental  affection,  is  followed  by  changes  in  the  chemical 
nature  of  the  secreted  fluids.  Every  thought,  every  sen- 
sation, is  accompanied  by  a  change  in  the  composition  of  the 
substance  of  the  brain.  It  is  to  supply  the  waste  thus  produced, 
that  food  is  necessary.  Food  is  either  applied  in  the  increase  of  the 
mass  of  a  structure  (i.  e.  in  nutrition),  or  it  is  applied  in  the  replace- 
ment of  a  structure  wasted  (i.  e.  in  reproduction).  The  primary 
condition  for  the  existence  of  life  is  the  reception  and  assimilation  of 
food.  But  there  is  another  condition  equally  important — the  con- 
tinual absorption  of  oxygen  from  the  atmosphere.  All  vital  activity 
results  from  the  mutual  action  of  the  oxygen  of  the  atmosphere,  and 
the  elements  of  the  food.  All  changes  in  matter  proceeding  in  the 
body  are  essentially  chemical,  although  they  are  not  unirequently 
increased  or  diminished  in  intensity  by  the  vital  force.  The 
influence  of  poisons,  and  remedial  agents  on  the  animal  economy 
proves,  that  die  chemical  combinations  and  decompositions  proceed- 
ing therein,  and  which  manifest  themselves  in  the  phenomena  of 
vitality,  may  be  influenced  by  bodies  having  a  well-deflned  chemical 
action.  Vitality  is  the  ruling  agent  by  which  the  chemical  powers 
are  made  to  subserve  its  purposes ;  but  the  acting  forces  are  chemical. 
It  is  from  this  view,  and  no  other,  that  we  ought  to  view  vitality. 

According  to  Lavoisier,  an  adult  man  takes  into  his  system, 
every  year,  8371b.  of  oxygen,  and  yet  he  does  not  increase  in 
weight.  What,  then,  becomes  of  the  enormous  quantity  of  oxygen 
introduced  in  the  course  of  the  year  into  the  human  system  ?  The 
carbon  and  hydrogen  of  certain  parts  of  the  body  have  entered  into 
combination  with  the  oxygen  introduced  through  the  lungs  and 
through  tlie  skin,  and  have  been  given  out  in  the  form  of  carbonic 
acid,  and  the  vapour  of  water.  At  every  moment,  with  every  ex- 
piration, parts  of  the  body  are  thus  removed,  and  are  emitted  into 
the  atmosphere.  No  part  of  the  oxygen  inspired  is  again  expired 
as  such,  Now  it  is  found  that  an  adult  inspires  32|  oz.  of  oxygen 
daily.  This  will  convert  the  carbon  of  24  lb.  of  blood  into  carbonic 
acid.  He  must,  therefore,  take  as  much  nutriment  as  will  supply 
this  daily  loss ;  and,  in  fact,  it  is  found  that  he  does  so  ;    for  the 
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average  amount  of  carbon  in  the  daily  food  of  an  adnlt  man,  taking 
moderate  exerdse,  is  14  oz.,  which  require  37  oz.  of  oxygen  for 
their  conyersion  into  carbonic  acid.  But  it  is  obvious,  as  the  in- 
spired oxygen  can  be  removed  only  by  its  conversion  into  carbonic 
acid  and  water,  that  the  amount  of  food  necessary  for  the  support 
of  the  animal  body  must  be  in  direct  ratio  to  the  quantity  of  oxygen 
taken  into  the  system.  Thtus  a  chUd,  in  whom  the  organs  of  res- 
piration are  naturally  in  a  state  of  gpneat  activity,  requires  food  more 
frequently  and  in  greater  proportions  to  its  bulk  than  an  adult,  and  is 
also  less  patient  of  hunger.  A  bird,  deprived  of  food,  dies  on  the 
third  day ;  whilst  a  serpent,  which  inspires  a  mere  trace  of  oxygen, 
can  live  without  food  for  three  months.  The  capacity  of  the  chest 
in  an  animal  is  a  constant  quantity.  We,  therefore,  inspire  the  same 
vohtme  of  air,  whether  at  the  pole  or  the  equator.  But  the  weight 
of  the  air,  and  consequently  of  the  oxygen,  varies  with  the  tempera- 
ture. Thus  an  adult  man  takes  into  the  system  daily  46,000  cubic 
inches  of  oxygen,  which,  if  the  temperature  be  77^,  weigh  32|  ounces ; 
but,  when  Uie  temperature  sinks  down  to  the  freezing  point  (32^),  it 
wiU  weigh  35  ounces.  Thus  an  adult  in  our  climate  in  winter  may 
inhale  35  ounces  of  oxygen ;  in  Sicily  he  would  inspire  only  28| 
ounces,  and  if  in  Sweden  36  ounces.  Hence  we  inspire  more  car- 
bon in  cold  weather,  when  the  barometer  is  high,  than  we  do  in  warm 
weather ;  and  we  must  consume  more  or  less  carbon  in  our  food  in 
the  same  proportion.  In  our  own  climate,  the  difference  between 
summer  and  winter,  in  the  carpon  expired,  and  therefore  necessary 
for  food,  is  as  much  as  an  eighth.  Even  when  we  consume  equal 
weights  of  food,  an  infinitely  wise  Creator  has  so  adjusted  it  as  to 
meet  the  exigencies  of  climate.  Thus  the  fruit  on  which  the  in- 
inhabitants  of  the  south  delight  to  feed  contains  only  twelve  per  cent, 
of  carbon  ;  whilst  the  bacon  and  train  oil  enjoyed  by  the  inhabitants 
of  the  Arctic  regions  contain  from  sixty-six  to  eighty  per  cent,  of  the 
same  element.  Now  the  mutual  action  between  the  elements  of  food 
and  the  oxygen  of  the  air  is  the  source  of  animal  heat.  All  living 
creatures,  whose  existence  depends  on  the  absorption  of  oxygen,  pos- 
sess within  themselves  a  source  of  heat,  independent  of  the  medium 
in  which  they  exist.  This  heat,  in  Professor  Liebig's  opinion,  is 
wholly  due  to  the  combustion  of  the  carbon  and  hydrogen  contained 
in  the  food  which  they  consume.  Animal  heat  exists  only  in  those 
parts  of  the  body  through  which  arterial  blood  (and  with  it  oxygen 
in  solution)  circulates.  The  carbon  and  hydrogen  of  food,  in  being 
converted  by  oxygen  into  carbonic  acid  uid  water,  must  give 
out  as  much  heat  as  if  they  were  burned  in  the  open  air.  The 
only  difference  is,  that  this  heat  is  spread  over  unequal  spaces 
of  time ;  but  the  actual  amount  is  always  the  same.  The  tem- 
perature of  the  human  body  is  the  same  in  the  torrid  as  in 
the  frigid  zone.  But,  as  the  body  may  be  considered  in  the 
light  of  a  heated  vessel,  which  cools  with  an  accelerated  rapidity 
the  colder  the  surrounding  medium,  it  is  obvious  that  the  fuel 
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necessary  to  retain  its  heat  must  vary  an  different  climates.     Thus 
less    heat  is  necessary   in   Palermo,    where   the   temperature   of 
the  air  is  that  of  the  human  body,  than  in  the  Polar  regions,  where 
it  is  about  90  degrees  lower.     In  the  animal  body  the  food  is  the 
fuel,  and  by  a  proper  supply  of  oxygen  we  obtain  the  food  given 
out  during  its  combustion  in  winter.     When  we  take  exercise  in  a 
cold  atmosphere,  we  respire  a  greater  amount  of  oxygen,  which 
implies  a  more  abundant  supply  of  carbon  in  the  food ;  and  by 
taking  this  food  we  form  the  most  efficient  protection  against  the 
cold.     A  starving  man  is  soon  frozen  to  death ;   and  every  one 
knows,  that  the  animals  of  prey  of  the  Arctic  regions  are  far  more 
voracious  than  those  of  the  torrid  zone.     Our  clothing  is  merely  an 
equivalent  for  food ;  and  the  more  warmly  we  are  clothed,  the  less 
f(K)d  we  require.     Were  we  to  go  destitute  of  clothes,  like  certain 
savage  tribes, — or  if,  in  hunting  or  fishing,  we  were  exposed  to  the 
same  degree  of  cold  as  the  Somoyides, — we  could  with  ease  consimie 
lOlb.  of  flesh,  and  perhaps  a  dozen  tallow  candles  into  the  bargain,  as 
warmly  clad  travellers  have  related,  with  astonishment,    of  those 
people.     Then  could  we  take  the  same  quantity  of  brandy  or  blubber 
of  fish,  without  bad  efiects,  and  learn  to  appreciate  the  deUcacy  of 
train  oil.    We  thus  perceive  an  explanation  of  the  apparently  anoma- 
lous habits  of  different  nations.     The  maccaroni  of  the  Italian,  and 
the  train  oil  of  the  Greenlander  and  the  Russian,  are  not  adventitious 
freaks  of  taste,  but  necessary  articles  fitted  to  administer  to  their 
comfort  in  the  climates  in  which  they  have  been  bom.  The  colder  the 
region,  the  more  combustible  must  die  food  be.    The  Englishman  in 
Jamaica  perceives  with  regret  the  disappearance  of  his  appetite,  which, 
in  England,  had  been  a  constant  recurring  source  of  enjo3rment.    By 
the  use  of  aromatics,  he  creates  an  artificial  appetite,  and  eats  as 
much  food  as  he  did  at  home.     But  he  thus  unfits  himself  for  the 
climate  in  which  he  is  placed ;  for  sufiicient  oxygen  does  not  enter 
his  system  to  combine  with  the  carbon  consumed;  and  the  heat  of 
the  climate  prevents  him  taking  exercise  to  increase  the  number  of 
his  respirations.     The  carbon  of  the  food  is  therefore  forced  into 
other  channels,  and  disease  results*     England,  on  the  other  hand, 
49ends  her  dyspeptic  patients  to  southern  climates.     In  our  own 
land,  their  impaired  digestive  organs  are  unable  to  fit  the  food  for 
that  state  in  which  it  best  unites  with  the  oxygen  of  the  air,  which 
therefore  acts  on  the  organs  of  respiration  themselves,  thus  produc- 
ing pulmonary  complaints.     But  when  they  are  removed  to  wanner 
climates,  they  absorb  less  oxygen,  and  take  less  food ;  and  the 
diseased  organs  of  digestion  have  sufiScient  power  to  place  the  di- 
minished amount  of  food  in  equilibrium  ¥dth  the  respired  oxygen. 
Just  as  we  would  expect  from  these  views,  in  our  own  climate, 
hepatic  diseases,  or  diseases  arising  from  excess  of  carbon,  are  more 
prevalent  in  summer ;  and  in  winter  pulmonic  diseases,  or  those 
arising  from  excess  of  oxygen.     The  professor  then  went  on  to  dis- 
prove the  notion,  that  animal  heat  is  due  to  nervous  infiuence,  and 
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not  to  combustion — an  error  which  had  its  origin  iii  supposing  that 
the  combustion  proceeds  in  the  blood  itself.     He  also  showed  that 
animal  heat  must  not  be  ascribed  to  the  contraction  of  the  muscles. 
The  professor  proceeded  to  prove,  that  the  heat  evolved  by  the  com- 
bustion of  carbon  in  the  body  is  sufficient  to  accoimt  for  the  phe- 
nomena of  animal  heat.  He  showed  that  the  1 4  ounces  of  carbon  which 
are  daily  converted  into  carbonic  acid,  in  an  adult,  disengage  no  less 
than  197*477°  of  heat ;  a  quantity  which  would  convert  241b.  of  water 
at  the  temperature  of  the  body,  into  vapour.     And  if  we  assume  that 
the  quantity  of  water  vaporised  through  the  skin  and  lungs  amounts  to 
3  lb.,  then  we  have  still  146*380°  of  heat  to  sustain  the  temperature  of 
the  body.  And  when  we  take  into  calculation  the  heat  evolved  by  the 
hydrogen  of  the  food,  and  the  small  specific  heat  possessed  by  the 
organs  generally,  no  doubt  could  be  entertained  that  the  heat  evolved 
in  the  process  of  combustion,  to  which  the  food  is  subjected  in  the 
body,  is  amply  sufficient  to  explain  the  constant  temperature  of  the 
body.     From  what  has  preceded,  it  is  obvious  that  the  amount  of 
carbon  consumed  in  food  ought  to  depend  on  the  climate,  density  of 
air,  and  occupation  of  the  individual.     A  man  will  require  less 
carbon  when  pursuing  a  sedentary  occupation  than  when  he  is 
engaged  in  active  exercise.     Professor  Liebig,  having  thus  discussed 
the  source  of  animal  heat,  proceeds  next  to  consider  what  are  the 
ingredients 'in  the  food,  which  may  properly  be  considered  to  be 
nutritious.     Physiologists  conceive  that  the  various  organs  in  the 
body  have  originally  been  formed  from  blood.     If  this  be  admitted, 
it  is  obvious  tibat  those  subjects  only  can  be  considered  as  nutritious 
which   are    susceptible   of   being    transformed  into  blood. — The 
professor  then  entered  upon  an  examination  of  the  composition  of 
blood,  and  of  the  identity  in  chemical  composition  of  fibrine  and 
albumen.      The  nutritive  process  is  simplest  in  the  case  of  the 
camivora.     This  class  of  animals  live  on  the  blood  and  flesh  of  the 
graminivora,   whose  blood  and  flesh  is  identical  with  their  own. 
In  a  chemical  sense,  therefore,  a  carnivorous  animal,  in  taking  food, 
feeds  upon  itself,  for  the  nutriment  is  identical  in  composition  with 
its  own  tissues.     The  professor  then  inquired  from  what  constituents 
of  vegetables  the  blood  of  the  graminivorous  is  produced.     The  ni- 
trogenized  compounds  of  vegetables  forming  the  food  of  graminivo- 
rous animals  are  called  vegetable  fibrine,  vegetable  albumen,  and 
vegetable  casein.     Now,  analysis  has  led  to  the  interesting  result, 
that  they  are  exactiy  of  the  same  composition  in  100  parts ;  and, 
what  is  still  more  extraordinary,  they  are  absolutely  identical  with 
the  chief  constituents  of  the  blood;  animal  fibrine  and  animal  albu- 
men.    By  identity,  be  it  remembered,  we  do  not  imply  similarity, 
but  absolute  identity,  even  as  far  as  their  inorganic  constituents  are 
concerned.     These  considerations  showed  the  beautiftil  simplicity  of 
nutrition.     In  point  of  fact,  vegetables  produce,  in  their  inorganism, 
the  blood  of  all  animals.     Animal  and  vegetable  life  are  therefore 
most  closely  connected.     The  professor  has  still  to  account  for  the 
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use  of  the  ffUbstances  in  food  which  are  absolutely  destitute  of  nitro- 
gen, but  which  we  know  are  absolutely  necessary  to  animal  life.  In 
ell  these  we  find  a  great  excess  of  carbonj  and  but  very  little  oxygen. 
By  a  train  of  admirable  reasoning,  the  professor  arriyes  at  the  inter- 
esting conclusion,  that  fihey  are  solely  exhausted  in  the  production 
of  animal  heat,  being  converted  by  the  oxygen  of  the  air  into  car- 
bonic acid  and  water.  This  portion  of  the  report  contained  an  in- 
genious and  important  yiew  of  the  use  of  bile  In  the  animal  economy, 
tiie  truth  of  which  quantitative  physiology  dare  not  deny.  When 
exercise  is  denied  to  graminivorous  and  omnivorous  animals,  this  is 
tantamount  to  a  deficient  supply  of  oxygen.  The  carbon  of  die  food 
not  meeting  with  sufilcient  oxygen  to  consume  it,  it  passes  into  the 
compounds  containing  a  large  excess  of  carbon,  and  deficiency  of 
oxygen ;  or,  in  other  words,  fat  is  produced.  Liebig  is  led  to  the 
starring  conclusion  that  fat  is  altogether  an  abnormal  and  imnatural 
production,  arising  from  the  adaptation  of  nature  to  circumstances, 
and  not  of  circumstances  to  nature  :  altogether  arising  from  a  dispro- 
portion of  carbon  in  the  food  to  that  of  the  oxygen  respired  by  the 
lungs,  or  absorbed  by  the  skin.  Wild  animals  in  a  state  of  nature  do  not 
contain  fat  The  Bedouin,  or  Arab  of  the  desert,  who  shows  with  pride 
his  lean,  muscular,  sinewy  limbs,  is  altogether  free  from  fat :  and  the 
professor  points  out  the  ^aeases  arising  from  this  cause,  and  furnishes 
some  valuable  hints  to  therapeutics.  From  all  that  has  transpired,  we 
may  sum  up  the  nutritious  elements  of  food  as  follow.  The  ingre- 
dients adapted  for  the  formation  of  the  blood,  and  which  the  pro- 
fessor calls  the  plastic  elements  of  nu^tion^  are  as  follow  : — ^Vege- 
table fibrine,  vegetable  albumen,  vegetable  caseine,  animal  fl^, 
animal  blood.  The  other  ingredients  of  food  being  fitted  to  retain 
the  temperature  of  the  body,  he  calls  the  elements  of  respiration. 
They  are — ^fat,  starch,  gum,  cane  sugar,  grape  sugar,  sugar  of 
milk,  pectine,  bassorine,  beer,  wine,  spirits.  These  are  Professor 
Liebig's  general  principles  of  nutrition.  The  second  part  of  the  work 
consists  of  details,  in  which  he  examines  the  chemical  processes  en- 
gaged in  the  production  of  bile,  of  urea,  uric  acid  and  its  compounds, 
as  well  as  of  cerebral  and  nervous  substance.  The  conclusions  to 
which  he  has  arrived  on  these  subjects  are  of  such  great  and  startling 
interest,  that  Dr.  Playfair  said,  he  dare  not  venture  to  make  an 
abstract  of  them,  without  entering  into  the  calculations  with  which 
they  are  accompanied.  In  the  professor's  explanatory  remarks  on 
digestion,  he  ascribes  a  singular  function  to  saliva.  This  fluid  pos- 
sesses the  remarkable  property  of  enclosing  air  in  the  shape  of  firoth, 
in  a  far  higher  degree  even  than  soap  suds.  This  air,  by  means  of 
the  saliva,  accompanies  the  food  into  the  stomach,  and  there  its 
oxygen  enters  into  combination  with  the  constituents  of  the  food, 
whilst  its  nitrogen  is  again  given  out  through  the  lungs  or  skin.  The 
longer  digestion  continues,  the  greater  is  the  quantity  of  saliva,  and 
consequently  of  air,  which  enters  the  stomach.  Rumination,  in 
certain  graminivorons  animals,  has  plainly  for  one  object  a  renewed 
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and  repeated  introduction  of  oxygen.    The  professor  farther  touches 
upon  tilie  use  of  tea  and  coffee  as  an  article  of  food.     Recent  che- 
mical research  has  proYed,  that  the  active  principles  of  tea  and 
c(^ee — ^viz.  tein  and  caffein — ^are  absolutely  one  and  the  same  bodj, 
perfectly  identical  in  every  respect.     The  action  of  tea  and  coffee  on 
the  system  must  be  therefore  the  same.     How  is  it  that  the  practice 
of  taking  them  has  become  necessary  to  whole  nations  ?     Caffeine 
(theine)  is  a  highly  nitrogenised  body.     Bile,  as  is  well  known, 
contains  an  essential  nitrogenised  ingredient—  taurine.     Now,  Pro- 
fessor Liebig  considers,  that  caffeine  goes  to  the  production  of  this 
taurine  ;  and,  if  an  infusion  of  tea  contains  only  one-tenth  of  a  grain 
of  caffeine,  still  if  it  contribute,  in  point  of  &ct,  to  the  formation 
of  bile,  the  action  even  of  such  a  quantity  cannot  be  looked  upon 
as  a  nuUity.     Neither  can  it  be  denied  that^  in  case  of  using  an  excess 
of  non-azotised  food,  or  deficiency  of  motion,  which  is  required  to 
cause  the  change  of  matter  in  the  tissues,  and  thus  to  yield  nitro- 
genised matter  of  the  bile,  that  in  such  a  condition  the  state  of  health 
may  be  benefited  by  the  use  of  tea  or  coffee,  by  which  may  be  fur- 
nished the  nitrogenised  product  produced  in  the  healthy  state  of  the 
body,  and  essential  to  the  production  of  an  important  element  of 
respiration.     The  American  Indian,  with  his  present  habits  of  Hving 
solely  on  fiesh,  could  not  with  any  comfort  use  tea  as  an  article  of 
food ;  for  his  tissues  waste  with  such  rapidity  that,  on  the  contrary, 
he  has  to  take  something  to  retard  this  waste.     And  it  is  worthy  of 
remark,  that  he  has  discovered  in  tobacco  smoke  a  means  of  retard- 
ing the  change  of  matter  in  the  tissues  of  his  body,  and  thereby  of 
making  hunger  more  endurable.     Nor  can  he  withstand  the  capti- 
vation  of  brandy,  which,  acting  as  an  element  of  respiration,  puts  a 
stop  to  the  change  of  matter,  by  performing  the  function  whidi  pro- 
perly belongs  to  the  products  of  the  metamorphosed  tissues.     The 
third  part  of  Professor  Liebig's  report  treats  of  the  recondite  laws  of 
the  phenomena  of  motion.    As  it  is  principally  of  a  speculative  cha- 
racter, we  can  pass  this  over.     The  professor  concludes  his  valuable 
communication  by  two  chapters  :  one  on  the  theory  of  disease  ;  the 
other  on  the  theory  of  respiration.     The  whole  life  of  animals  con- 
sists of  a  conflict  between  chemical  forces  and  the  vital  powers.     In 
the  normal  state  of  the  body  of  an  adult,  both  stand  in  equilibrium. 
Every  mechanical  or  chemical  agency  which  disturbs  the  restora- 
tion of  this  equilibrium  is  a  cause  of  disease.     Disease  occurs  when 
the  resistance  offered  by  the  vital  force  is  weaker  than  the  acting 
cause  of  disturbance.     Death  is  that  condition  in  which  chemical 
or  mechanical  powers  gain  the  ascendancy,  and  all  resistance  on  the 
part  of  the  vital  force  ceases.    Every  abnormal  condition  of  supply 
or  waste  may  be  called  disease.    It  is  evident  that  one  and  the  same 
caase  of  disease— that  is,  of  disturbance — will  have  different  effects, 
according  to  the  period  of  life.    A  cause  of  disease,  added  to  the 
cause  of  waste,  may  in  old  age  annihilate  the  redstance  of  the  vital 
powers,  or,  in  other  words,  occasion  death ;  while,  in  the  adult  state. 
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it  may  produce  only  a  disproportion  between  supply  and  waste;  and 
in  infancy  only  an  abstract  state  of  health,  ».e.,  an  equilibrium  be- 
tween supply  and  waste.  Professor  Ldebig  argues,  from  what  has 
preceded,  that  a  deficiency  of  resistance  in  a  living  part  to  the  cause 
of  waste  is  in  fact  a  deficiency  of  resistance  to  the  action  of  the 
oxygen  of  the  atmosphere*  The  professor's  theory  may  be  compared 
to  a  self-regulating  steam-engine.  The  body,  in  regard  to  the  pro- 
duction of  heat  and  of  force,  acts  just  like  one  of  those  machines. 
With  the  lowering  of  the  external  temperature,  the  respiration  be- 
comes deeper  and  more  frequent;  oxygen  is  supplied  in  greater 
quantity,  and  of  greater  density  ;  ihe  change  of  matter  is  increased, 
and  more  food  must  be  supplied,  if  the  temperature  of  the  body  is  to 
remain  unchanged.  It  has  been  proved,  that  iron  is  not  necessary 
to  tlie  colouring  matter  of  the  blood,  but  that  it  forms  an  essential  '^ 

constituent  of  blood  globules.  These  globules,  it  is  well  known, 
take  no  part  in  nutrition.  Professor  Liebig  conceives,  that  the  iron 
is  the  great  means  of  conveying  to  the  lungs  the  carbonic  acid 
formed  in  the  system ;  and  he  has  made  a  calculation,  that  the  iron 
contained  in  the  body  could  actually  convey  twice  as  much  carbonic 
acid  as  is  expelled  daily  from  the  system. — Dr.  Piayfair  concluded 
by  warmly  disclaiming  that  his  abstract  had  done  justice  to 
the  report,  and  recommending  his  hearers  to  consult  the  re- 
port itself.  In  the  opinion  of  all,  Liebig  may  be  considered  a  bene- 
factor to  his  species  for  the  interesting  discoveries  in  agriculture  ' 
published  by  him  in  the  first  part  of  this  report ;  and  having  in  that 
pointed  out  means  by  which  the  food  of  the  human  race  may  be  in- 
creased ;  in  the  work  now  before  us,  he  follows  up  the  chain  to  its 
continuation,  and  shows  how  that  food  may  best  be  adapted  to  the 
nutrition  of  man.  Surely  there  are  no  two  subjects  nlore  fitted  than 
these  for  the  contemplation  of  the  philosopher ;  and,  by  the  consum- 
mate sagacity  with  which  Liebig  has  applied  to  their  elucidation  the 
flowers  of  his  mind,  we  are  compelled  to  admit  that  there  is  no 
iving  philosopher  to  whom  the  section  could  more  appropriately 
have  entrusted  their  investigations.     (Much  applause.) 

Mr.  Clare  moved  the  thanks  of  the  meeting  to  Professor  Liebig  ^ 

for  his  valuable  report. 

The  Rev.  Vernon  Uarcourt  seconded  the  motion.  He  thought  it 
most  honourable  to  the  association,  that  Professor  Liebig  was  thus 
connected  with  him  in  his  researches.  The  meeting  was  also  greatly 
indebted  to  Dr.  Piayfair  for  his  very  luminous  and  able  abstract  of 
the  report. 

Dr.  Piayfair  said  he  had  been  applied  to  by  two  sections, — the  \ 

medical  section  and  the  natural  history  section, — for  the  paper;  but,  I 

as  he  had  written  it  in  a  popular  form  for  a  mixed  audience,  it  was  i 

hardly  adapted  for  the  former  professional  body.  i 

Mr.  Solly  then  read  a  paper,  communicated  by  Professor  Schoen-  j 

bein,  upon  the  *'  Electrolising  Power  of  a  simple  Voltaic  Circle,"  in  I 

which  he  showed  the  influence  of  hydrogen,  oxygen,  chloride,  and  I 

other  chemical  bodies,  when  not  in  contact  with  the  poles. 
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Mr.  Wm.  Blyth  then  read  an  interesting  paper  upon  the  ^  Manu- 
facture of  Sulphuric  Acid,"  the  different  processes  of  whidi  he  illus- 
trated by  decomposing  the  crystalline  deposit  in  the  vitriol  chamber 
in  acid  of  the  respective  speci^c  gravities  of  1*400, 1*450,  and  1*500. 
From  experiments  he  made  with  indigo  and  this  deposit,  he  found 
that  it  had  the  same  destructive  properties  as  nitric  acid.  In  an  in- 
teresting discussion  upon  the  paper,  relative  to  the  mixture  of  water 
with  sulphuric  acids,  by  which  the  anomalous  case  of  the  miscibility 
but  non-solubility  of  sulpuric  acid  in  water  was  maintained  :  Mr. 
Davies  stated,  as  an  analogous  case,  that  of  nitric  acid,  when  at  the 
specific  of  1*42,  could  not  be  reduced  either  by  distiUaticm  or  boil- 
ing, but  at  a  higher  state  was  easily  reducible,  or  at  a  lower  to  be 
raised  to  that  point ;  which,  in  his  opinion,  seemed  to  establish  the 
point  of  the  1*42  to  be  the  fixed  point  of  those  acids. 

The  next  paper  upon  the  list  to  be  read  was  that  of  Mr.  John 
Mercer,  upon  some  "  Peculiar  Instances  of  Chemical,  or  (so  called) 
Catalytic  Action,"  but  owing  to  the  indisposition  of  the  gentleman 
who  should  have  brought  it  forward,  it  was  withdrawn  for  presenta- 
tion at  the  sitting  of  the  section  the  next  day. 

Professor  Haidinger  had  communicated  an  **  Account  of  the 
Mineralogical  and  Geological  Museum  of  the  Imperial  Mining  De- 
partment of  Vienna,"  but  owing  to  its  extreme  length,  and  the 
somewhat  uninteresting  nature  of  its  contents,  it  was  ordered  that 
the  secretary  prepare  an  abstract  of  the  account,  for  a  Aiture 
meeting  of  the  section. 

Owing  to  the  two  papers  mentioned  above  not  having  been  read 
to  the  section,  the  meeting  separated  about  one  o'clock ;  an  hour 
considerably  earlier  than  usual.  There  had  been  a  very  fair  attend- 
ance, including  several  ladies. 

SECTION  C. OEOLOOT  AND  PHYSICAL  GEOGRAPHT. 

Mr.  Strickland,  the  secretary,  read  a  paper  "  On  the  Physical 
Structure  of  the  Appalachian  Chain/'  by  Professor  Rogers,  of  Ame- 
rica. The  paper  gave  a  particular  description  of  the  geological  con- 
struction of  the  chain,  from  which  the  author  deduces  general  laws, 
which  he  conceives  apply  to  all  mountains  in  different  parts  of  the 
world,  wherever  they  have  been  examined.  The  paper  referred  to 
the  dips  of  the  rocks  in  the  chain  of  mountains  referred  to,  and  by 
comparing  their  structure  with  that  found  in  European  chains,  the 
author  deduces  the  fact  that  there  is  a  general  undulation  of  the 
strata  towards  the  north-west.  He  supposes  the  elevation  and  dips 
of  the  chains  to  be  caused  by  the  force  of  subterranean  waves,  and 
arrives  at  the  conclusion  that  no  other  hypothesis  has  been  found  to 
account  for  the  structure  of  the  Appalachian  chain.  This  supposed 
wave-like  motion  beneath  the  crust  of  the  earth,  he  attributes  to  the 
agency  of  earthquakes,  and  shows  that  at  periods  subsequent  to  the 
formation  of  the  Appalachian  chain  similar  effects  have  been  pro- 
duced.— Thanks  were  voted  to  Professor  H.  B.  Rogers  and  Wm. 
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B.  Rogers,  of  the  United  States,  for  the  communication  on  this 
subject,  after  which  a  discussion  took  place.  Sir  Henry  De  la 
Bedie  remarked  that  the  authors  of  the  paper  imagined  a  quantity 
of  molten  matter  beneath  the  crust  of  the  earth,  and  that  by  fre- 
quent pulsations  the  superincumbent  matter  was  squeezed  into  the 
shape  in  which  it  was  found.  He  (Sir  H.  De  la  Beche)  did  not  see 
that  it  was  necessary,  in  order  to  account  for  those  geological  phe- 
nomena, to  imagine  the  existence  of  this  molten  matter.  The  old 
theory  was  that  in  cooling  the  molten  matter  beneath  the  crust  of  the 
earth  diminished  in  heat  in  a  greater  ratio  than  the  crust,  and  that 
on  that  account  the  crust  of  the  earth  was  broken  up  into  large 
masses.  That  was  the  generally  received  theory  upon  which  we 
sought  to  account  for  the  formation  of  the  earth,  and  its  breaking  up 
into  a  variety  of  forms.  This  breaking  up,  however,  was  not  common 
in  all  parts  of  the  world,  for  in  Russia  there  was  found  a  very  even 
bend.  The  date  of  the  Appalachian  chain  corresponded  with  the 
date  of  the  rocks  in  Wales,  and  here  was  a  somewhat  remarkable 
coincidence,  for  in  Wales  there  was  the  same  breaking  up  as  was 
described  in  the  paper  in  reference  to  the  Appalachian  chain. — Dr. 
Buckland  foUowed,  and  paid  a  high  compliment  to  the  two  American 
geologists  who  had  contributed  the  paper. — Professor  Sedgwick 
agreed  with  the  general  facts  of  the  authors,  but  could  not  give  his 
accordance  to  their  theory.  The  facts,  he  contended,  were  against 
the  theory,  and  that  what  was  known  to  exist  in  regard  to  the  for- 
mation of  rocks  in  this  country  did  not  at  all  bear  out  the  conclusions 
to  which  the  authors  had  arrived.  The  generalization  of  the 
authors,  he  said,  was  far  too  broad ;  they  had  not  taken  into  suffi- 
cient consideration  the  formation  of  rocks  in  other  countries ;  and, 
lastly,  they  had  come  to  conclusions  in  the  very  teeth  of  facts.  He 
then  stated  his  objections  to  the  theory  advanced,  and  took  occasion 
to  caution  the  geologists  present  how  they  departed  from  facts.  If 
it  were  true  that  mountain  elevations  had  been  formed  in  any  way, 
he  was  of  opinion  that  the  granite  rocks  had  been  hoisted  up,  in  the 
first  instance,  through  fissures  or  cracks  caused  by  the  earth's  cool- 
ing, and  that  then,  through  new  powers  coming  into  existence,  from 
the  cooling  of  the  granite  mass,  or  any  other  cause,  new  elevations 
arose  in  the  outskirts.  Although  he  did  not  agree  with  the  theory 
of  the  authors  of  the  paper,  he  still  admitted  that  the  facts  they  had 
collected  were  valuable. 
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On  the  Electric  Column.     By  J.  A.  Db  Luc,  Esq.,  F.R.S. 

PART    II. 

On  the  Electric  Column^  as  Aerial  Electroscope, 
(Contimted /ram  page  14>. 

I  HAVE  said  in  the  preceding  paper  that,  the  sticking  of  the  gold 
leaves  to  the  side  of  the  electroscope  being  an  obstacle  to  regular 
observations  of  their  strikings,  which,  however,  I  considered  as  the 
most  proper  manner  of  observing  the  variations  of  this  instrament, 
I  had  intended  to  increase  its  power,  so  far  as  to  produce  the  mo- 
tion of  a  small  metallic  baD,  in  hopes  that  the  latter  would  not 
stick. 

I  began  this  attempt  by  uniting  together  in  one  the  three  columns 
of  200  groups  mentioned  in  the  first  part,  which  I  had  before  used 
by  only  connecting  them  with  one  another ;  and  I  thus  formed  the 
column  of  600  groups,  making  a  part  of  the  instrument  represented 
by  the  figure  annexed  to  the  first  part :  see  PL  I.  With  this 
column  I  made  the  first  trial  of  procuring  the  motion  of  such  a  small 
pendulum  in  the  following  manner.  I  connected  with  each  ex- 
tremity of  the  column,  a  wire  terminated  by  a  small  brass  ball ; 
and  each  wire  being  moveable,  I  could  bring  the  two  balls  in  front 
of  the  instrument,  within  the  distance  of  each  other  that  might  be 
found  convenient ;  and  I  suspended  by  a  silk  thread  a  small  gold 
bead,  which  I  could  easily  bring  between  the  balls,  either  at  the 
middle  distance,  or  nearer  one  than  the  other 

The  apparatus  being  thus  prepared,  I  tried  for  a  long  time  to 
make  it  answer  my  purpose,  but  without  success.  When  the  two 
balls  were  near  each  other,  the  bead  struck  them  alternately  with 
such  a  rapidity,  that  it  was  impossible  to  count  the  number  of  oscil- 
Ann.  of  JSlec.  Vol,  IX y  No,  49,  August^  1842.  » 
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lations  in  a  determined  time :  a  necessary  condition  for  my  pur- 
pose. I  increased  the  distance  of  the  balls,  but  I  was  disappointed 
in  a  different  manner :  when  the  bead  was  equally  attracted  on 
both  sides,  it  sometimes  remained  motionless  for  hours  in  the 
middle  of  the  interval;  and  when  the  attraction  became  stronger  on 
one  side,  the  bead  drawn  that  way  struck  one  of  the  balls,  some 
oscillations  then  began,  still  too  rapid  and  very  irregular,  but  at  the 
end  of  a  little  time  they  ceased  again,  the  bead  remained  motionless 
at  the  middle  point.  I  tried  various  distances  of  the  balls,  and  ako 
different  degrees  of  approximation  of  the  bead  to  either  of  them  : 
sometimes  there  was  an  appearance  of  success,  but  at  last  the  bead 
was  again  at  rest  in  the  middle  space,  or  it  stuck  to  one  of  the  balls. 
This  want  of  success  persuaded  me  that  a  neutral  pendulum,  such  as 
was  the  bead  suspended  by  a  silk  thread,  could  never  answer  the 
purpose  of  the  regular  strikings,  which  were  necessary ;  that  the 
bead  was  to  be  connected  by  a  metallic  wire,  with  one  of  the  ex- 
tremities of  the  column,  near  a  ball  united  with  the  latter,  and  to 
strike  against  another  ball  connected  either  with  the  other  extremity 
of  the  column,  or  with  the  ground  ;  the  latter  of  which  modes  I 
first  adopted. 

But  before  I  proceed,  I  must  mention,  that  while  I  was  employed 
in  these  trials  at  Windsor,  Mr.  B.  M.  Forster  had  succeeded  at 
Walthamstow,  near  London,  with  a  power  of  1,500  groups  of  the 
same  diameter  as  mine,  divided  into  three  chaplets,  as  described  in 
my  first  paper  presented  to  the  Royal  Society,  to  set  in  motion  a 
brass  ball,  suspended  by  a  silk  thread  between  two  small  insulated 
bells,  connected  with  the  two  extremities  of  this  long  column.  Mr. 
Forster  has  described  this  new  kind  of  chime  in  a  letter  to  Mr. 
Tillock>  published  in  the  Phil.  Mag.  of  the  latter,  mentioning  this 
singular  circumstance,  that  the  ringing  began  on  the  jubilee  day. 
Since  that  time  1  have  had  the  pleasure  of  being  personally  ac- 
quainted with  Mr.  Forster,  and  he  has  lately  informed  me,  that, 
having  mounted  again  this  chime  on  the  25th  of  March,  it  has  not 
ceased  to  ring  ever  since.  This  is  a  curious  application  of  the 
property  of  the  column,  but,  as  I  have  explained,  it  cannot  answer 
the  purpose  of  regular  observations. 

For  the  execution  of  the  above  mentioned  plan,  I  first  made  the 
following  addition  to  my  apparatus.  At  the  top  of  one  of  the  pillars 
of  the  column,  on  its  side  A  (the  positive  extremity),  I  fixed  a  brass 
piece  13,  held  there  by  a  ferrule,  and  projecting  forwards  about  1^ 
inch  :  on  this  projection  is  fixed,  by  a  screw,  another  brass  piece, 
having  on  one  side  a  vertical  groove  14,  in  which  is  held,  by  a  pin, 
a  brass  rod,  at  the  lower  part  of  which  is  a  large  brass  ball  15,  which 
can  be  moved  backwards  and  forwards,  in  order  to  bring  it  to  the 
convenient  point,  where  it  remains  steady,  by  the  friction  of  the  top 
of  the  rod  in  the  groove.  From  this  top  projects  a  brass  loop  16, 
to  which  is  suspended  a  gold  bead  17i  by  the  thinnest  silver  wire, 
such  as  is  used  for  cross  wires  in  telescopes ;  and  by  moving  pro- 
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perly  die  ball  15,  the  bead  is  made  to  hang  close  to  it,  without 
leaning  against  it ;  this  is  done  while  both  the  bead  and  the  ball  are 
neutral,  by  handling  the  lattter  for  this  adjustment. 

My  purpose  having  only  been  at  first,  that  the  ball  18,  should  be  in 
communication  with  the  ground,  I  produced  this  communication  in 
a  simpler  manner  than  is  represented  in  the  figure,  having  changed 
it  since  for  a  purpose  that  I  shall  explain,  but  the  difference  is  here 
of  no  consequence :  it  was  then  only  held  at  the  top  of  a  brass  stem, 
fixed  to  the  end  of  a  thick  slip  of  lead  19,  19  :  moveable  backward 
and  forward  between  pins  20,  20,  20,  in  order  that  the  distance  of 
this  ball  from  the  ball  15  might  be  changed,  as  should  be  found 
proper  for  the  strikings  of  the  bead. 

This  apparatus  was  finished  in  the  beginning  of  last  spring  ;  but 
it  was  too  late  for  the  most  important  observations ;  especially  as 
the  apparatus  itself  was  far  from  being  settled.  Before  that  season, 
the  effect  of  the  column  had  been  so  great,  that  the  gold  leaves  of 
the  electroscopes,  either  on  one  side  or  the  other,  struck  sometimes 
in  the  afternoon  sixty  times  in  a  minute,  even  in  glass  tubes  of  one 
and  a  half  inch  diameter ;  but  now  they  seldom  struck  more  than 
once  in  a  minute,  sticking  always  as  usual  (which  was  the  reason 
why  I  had  given  up  the  gold  leaves) :  however,  the  effect  was  still 
sufficient  to  try  the  new  apparatus. 

This  again  gave  me  much  trouble :  for  though  at  first  it  appeared 
to  answer  my  purpose,  as  the  gold  bead  receding  from  the  ball  15, 
struck  the  ball  18,  fell  and  returned  again,  with  the  usual  changes 
in  the  frequency  which  were  to  be  the  object  of  observation,  the 
bead  at  last  stuck  to  the  ball  18.  I  tried  whether  by  increasing  the 
distance  of  the  latter,  the  bead  thus  drawn  further  out  of  the  verti- 
cal Une,  would  have  more  power  to  resist  the  cause  of  its  sticking ; 
which  it  is  difi^cult  to  understand,  as  it  is  not  the  case  when  set  in  the 
same  motion  by  a  mechanical  impulse.  The  strikings  were  less 
frequent ;  not  so  however  as  to  prevent  the  observation,  if  the  stick- 
ing had  been  prevented ;  but  it  again  took  place,  and  even  more 
easily,  as  the  bead  arrived  more  slowly  in  contact  with  the  ball.  I 
did  not  succeed  better  by  increasing  the  power  (in  a  manner  which 
I  shall  explain  hereafter),  though  I  could  produce  the  strikings  at 
a  greater  distance ;  so  that  after  much  labour,  I  had  some  time 
despaired  of  success,  when  another  idea  occurred  to  me,  which  how- 
ever did  not  succeed  at  first. 

The  general  idea  was  to  produce  the  strikings,  not  by  the  bead 
itself,  but  by  its  silver  wire,  in  a  part  at  some  height  above  the 
latter,  by  the  wire  meeting  there  the  edge  of  a  horizontal  brass 
lamina  in  communication  with  the  ground ;  in  order  that  the  wire 
being  bent  at  that  point,  by  the  bead  moving  stiU  farther,  the  latter 
should  have  a  greater  angular  motion  from  that  point,  by  a  shorter 
radius,  and  have  thus  a  greater  tendency  to  fall  back  after  being 
discharged ;  suppressing  at  the  same  time  the  ball  18,  to  which  it 
stuck ;  but  by  this  suppression,  the  motion  was  so  much  diminished, 
f2 
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that  I  was  obliged  to  use  again  the  ball,  and  then  the  wire  itself 
stock  to  the  edge  of  the  lamina.  Following,  however,  farther  the 
idea  of  discharging  the  bead  by  its  wire  meeting  with  the  smallest 
conducting  mass  possible,  I  tiiought  of  substituting  for  the  brass 
lamina  a  single  sOyer  wire  like  that  of  the  bead ;  and  at  last  I  thus 
succeeded.  This  is  the  part  of  the  figure  which  I  am  going  to  des- 
cribe. 

The  last  alteration  I  found  necessary  to  make  in  the  apparatus, 
which  is  represented  in  the  figure,  not  being  made  at  that  time,  it 
must  be  supposed,  for  the  present,  that  the  piece  28  is  represented 
by  the  lead  slip  19,  19.  The  piece  23  is  a  brass  spring  of  about 
half  an  inch  in  breadth,  at  the  base  24,  where  passing  under  the 
bent  part  of  an  upright  brass  piece  25,  it  is  Uius  fixed  with  the 
latter,  by  screws,  on  the  base.  The  breadth  of  the  spring  23 
diminishes  toward  its  end,  where  it  is  terminated  by  a  brass  wire 
bow  22 ;  in  this  is  stretched  the  thin  silver  wire  21,  against  which 
that  of  the  bead  comes  to  strike.  The  upright  brass  piece  25  has 
at  the  top  a  screw  26,  pressing  against  the  spring,  and  serving  to 
produce  small  motions,  backwards  or  forwards,  of  the  horizontal  wire 
21,  previously  brought  nearly  to  the  proper  distance,  by  moving  the 
lead  base  19,  19.  The  moment  of  the  meeting  of  the  two  silver 
wires  is  to  be  an  instant  before  the  bead  strikes  the  ball  18 :  then, 
by  a  jerk  produced  at  the  meeting  of  the  wires,  the  sticking  of  the 
bead  to  the  ball  is  effectually  prevented. 

This  was  only  finished  in  the  beginning  of  last  April ;  the  strikings 
of  the  bead  were  then  regular  and  uninterrupted,  while  there  was 
no  shake  of  the  apparatus  itself;  but  being  on  a  table,  I  soon  found, 
that  by  walking  in  the  room,  and  also  by  the  agitation  of  the  air  in 
opening  and  shutting  the  door,  the  motions  of  the  bead  were  dis- 
turbed. This  determined  me  to  fix,  against  the  side  of  the  room 
which  had  a  proper  light,  a  glazed  box,  in  which  I  placed  the  appa- 
ratus ;  and  I  fixed  under  it,  at  its  level,  a  little  table,  in  order  to 
place  there  additional  columns,  which  became  necessary  to  increase 
the  power  of  the  instrument. 

This  apparatus  being  at  last  ready  for  regular  observations,  I 
began  the  meteorological  journal  which  I  had  in  view,  including, 
with  the  number  of  the  strikings  of  the  bead  in  a  certain  time  and 
the  observation  of  the  barometer,  the  degrees  of  the  thermometer 
and  of  my  hygrometer  in  the  room,  the  only  place  of  which  it  could 
be  supposed  that  the  changes  of  the  temperature  and  of  the  degree 
of  moisture  might  affect  the  state  of  the  column :  I  shall  copy  here 
the  journal  of  these  observations  during  the  few  days  in  which  the 
fundamental  column  of  600  groups  still  acted  alone,  after  which 
time  I  was  obliged  to  increase  the  number  of  the  groups. 
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Num.  of  strik. 
Btfom.  Thermom.  Hjgrom.  In  10  min. 

8.  8     A.M 29-7 57 41   11 

*-^        ••••••••  IQ*   ••••••  OU  ■•••••  ICl*  ••••••  Iv 

1  P.M  ....  id •  60^ id 12 

3  id 63 id 20 

5  id 62i id 10 

7  id 61   id 8 

11     id 61  id 7 

9.  8     A.M id 58 42 11 

11     id 60j id 9 

11     P.M id 63 41   3 

10.       11     A.M»...  29-8 61   id 6 

£    jl»  nl  •  •  •  •  id.    .••••■  oO  ••••■•  id.   ••••••  o 

11     29-9 58 id 2 

1  i .    7  A*  v/x  •  •  •  •  id.  ••••••  oi)   ••••••  id.  ••••••  o 

4  P.M....  30  56 id.  :  ....  2 

12 30*1 . .  No  striking  the  whole  day. 

ThiB  cessation  of  striking  having  lasted  two  days  more,  1  judged 
that  we  were  entering  into  the  season  when,  in  the  two  years  before, 
the  strikings  of  the  gold  leaves  themselves  had  also  ceased ;  so  that 
in  order  to  carry  on  the  observations  as  long  as  possible  towards  the 
snmmer,  it  was  necessary  to  increase  the  number  of  the  groups 
This  I  undertook  without  changing  the  situation  of  the  fundamental 
instrument,  which,  on  account  of  the  necessary  steadiness  and  of 
being  sheltered  firom  currents  of  air,  was  to  remain  in  the  glazed 
box  fixed  against  the  side  of  the  room.  1  made  use  therefore  of  the 
little  table  above  mentioned  for  placing  on  it  additional  columns, 
which  I  made  upright  like  the  common  pile,  as  more  easily 
managed  ;  and  knowing  that  with  the  same  number  of  groups,  the 
strikings  would  be  accelerated  by  larger  plates,  but  that  it  was  a 
long  and  tedious  operation  to  cut  diem  round,  I  determined  to 
make  a  column  with  square  plates.  For  this  purpose  I  bespoke 
some  sheets  of  laminated  sine  about  the  thickness  of  a  card ;  but 
those  which  I  received  were  so  much  puckered  that  I  despaired  of 
dieir  being  fit  for  my  purpose  ;  however  I  obtained  flat  pieces  of 
them  by  a  method  which  it  may  be  usefld  to  explain. 

1  procured  a  good  pair  of  hand-shears,  and  with  these  I  first  cut 
the  puckered  sheets  into  slips  of  one  and  a  quarter  inch  breadth,  as 
neariy  as  they  could  be  traced  upon  such  an  uneven  sur&ce ;  and 
placing  many  of  these  slips'  upon  one  another  between  two  pieces  of 
hard  wood,  1  pressed  them  with  force  in  a  vice,  leaving  them  there 
for  half  an  hour :  they  came  out  very  flat,  only  not  very  straight, 
but  this  could  be  mended.  Zinc,  in  this  malleable  state  having 
nearly  the  softness  of  lead,  stretches  laterally  by  that  great  pressure, 
and  thus  the  puckerings  are  effaced.  Making  then  straight  with  a 
file  one  side  of  the  slips,  I  marked  on  this  edge  with  a  divider, 
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points  at  one  and  a  quarter  inch  distance  ;  and  by  these  points  I  traced 
with  a  square  the  plates  to  be  cut  with  the  shears :  these  pieces 
were  distorted  by  the  cutting ;  but  placing  them  also  over  one 
another,  by  scores,  between  two  thick  plates  of  brass,  and  pressing 
them  strongly  in  the  vice,  they  became  flat ;  and  I  had  only  to 
round  a  little  the  angles  with  a  file,  placing  them  again  in  the  vice 
without  the  brass  plate. 

In  this  manner  I  made  300  zinc  plates  one  inch  and  a  quarter 
square,  and  having  cut  an  equal  number  of  pieces  of  Dutch-gilt 
paper  of  the  same  size,  I  mounted  this  upright  column  between 
four  glass  rods  covered  with  sealing  wax,  fixed  in  a  wooden  base. 
This  column,  loose  between  the  rods,  is  supported  at  the  bottom  on 
four  insulating  pillars  one  inch  and  a  half  high,  on  which  is  first 
laid  a  brass  plate  with  a  projecting  part  of  about  two  inches,  at  the 
extremity  of  which  is  a  large  hole  for  receiving  the  end  of  proper 
conductors ;  and  for  the  same  purpose  the  column  is  terminated  at 
the  top  by  a  similar  plate,  on  which  presses  a  screw  in  the  common 
manner  used  for  the  pile.  The  top  of  this  column,  which  is  its 
positive  extremity,  was  to  be  connected  with  the  negative  extremity 
of  the  horizontal  column,  and  this  required  that  the  box  containing 
the  latter  should  be  opened  in  front,  I  therefore  placed  only  a 
pane  of  glass  on  the  side  where  the  bead  hangs,  in  order  to  guard 
it  against  the  motions  of  the  air. 

The  first  use  which  I  made  of  this  additional  column  with  Jarger 
plates,  was  for  the  following  experiments. 

Experiment  16.  Placing  the  negative  (or  lower)  extremity  of  the 
column  composed  of  the  large  square  plates,  in  communication  with 
the  ground,  I  connected  its  positive  extremity  with  a  gold  leaf  electro- 
scope, and  after  having  observing  the  maximum,  soon  produced,  of 
its  divergence,  I  substituted  for  this  column  300  of  the  small  groups 
of  the  horizontal  column,  by  placing  the  communication  with  the 
ground  at  its  middle  point :  this  produced  the  same  divergence  as 
ihe  former,  but  it  required  more  time. 

I  could  not  compare  directly  the  efiects  of  the  two  columns,  with 
respect  to  the  frequency  of  strikings  of  the  bead,  because  at  that 
time  300  groups  of  any  size  were  no  longer  sufiicient  for  producing 
them ;  but  I  compared  the  efiects  of  the  two  columns  for  this  pur- 
pose in  the  following  manner. 

Exp,  17.  I  first  repeated  the  observation  of  the  strikings  with 
the  horizontal  column  of  600  groups,  its  negative  extremity  being 
in  communication  with  the  ground  :  there  were  three  strikings  in 
five  minutes.  I  then  took  ofi*  the  communication  of  this  column 
with  the  ground,  and  connecting  its  middle  point  with  the  positive 
extremity  of  the  column  of  300  groups  of  the  square  plates,  I 
placed  the  negative  extremity  of  the  latter  in  conuntmication  with 
the  ground.  This  was  again  600  groups,  but  300  of  them  were  of 
larger  plates,  and  there  were  then  seven  strikings  in  the  same  time  ; 
and  thus  was  confirmed  what  I  had  judged  of  the  efiect  of  larger 
plates  for  increasing  the  frequency  of  the  strikings. 
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Exp.  18.1  now  connected  the  new  column  of  900  larger  plates 
with  the  600  groups  of  the  horizontal  column,  leaving  the  com- 
munication with  the  ground  at  the  negative  extremity  of  the  former. 
This  was  in  a  more  favourable  moment ;  for  the  addition  of  800  of 
the  small  groups  ought  to  have  produced  with  the  whole  only  eight 
and  a  half  strikings  in  five  minutes,  and  there  were  ten. 

From  this  increase  of  power  I  expected  a  greater  duration  of 
observations  in  this  season,  but  I  soon  saw  a  diminution  in  the 
frequency  of  the  strikings,  which  disappointed  me*  I  lost  again 
much  time  in  changing  tiie  arrangement  of  the  apparatus,  in  order 
to  take  in  also  the  two  columns  formed  of  tinned  iron  plates,  men- 
tioned in  my  first  paper  :  there  were  700  of  these  groups,  which 
produced  in  the  gold  leaves  nearly  the  same  divergence  as  the 
column  of  300  zinc  plates  one  and  a  quarter  inch  square.  This  being 
the  only  change  that  I  could  undertake  for  the  season,  I  beg^ 
another  course  of  observations ;  and  it  will  be  seen  in  the  following 
journal  how  rapidly  the  effect  went  on  diminishing. 
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This  great  diminution  in  the  frequency  of  the  strikings  made  me 
think  of  connecting  the  ball  18  with  the  negative  extremity  of  all 
the  colunmsi  in  order  to  see  what  increase  it  would  make  in  the 
frequency :  but  luckily  at  the  same  time  it  occurred  to  me,  that,  by 
producing  a  speedy  manner  of  changing  this  connexion  of  the  ball 
for  that  with  the  ground,  and  inversely,  it  would  be  a  mode  of  dis- 
covering variations  in  the  electric  state  of  the  latter,  by  eomparing, 
in  a  short  time,  its  effect  on  the  strikings,  with  that  of  the  negative 
extremity  of  the  columns.  This  was  the  occasion  of  the  last  change 
which  I  made  in  the  apparatus,  as  represented  in  the  figure,  which 
part  I  am  now  going  to  describe. 

On  the  lead  base  19, 19,  I  fixed  two  insulating  pillars  27,  27,  and 
on  these  a  brass  piece  28,  at  one  extremity  of  which  ia  fixed  the  ball 
18,  and  at  the  other  the  machinery  for  moving  the  horizontal  silver 
wire  21.  By  this  insulation  of  the  parts  against  which  the  bead 
and  its  silver  wire  come  to  strike,  I  can  place  them  in  a  moment  in 
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communication  with  either  the  ground  or  the  negative  extremity  of 
the  cohimn,  by  only  changing  the  position  of  a  brass  wire  29,  hooked 
to  the  extremity  of  the  horizontjd  brass  piece.  In  the  position  of 
this  wire,  as  represented  in  the  fignre,  the  ball  18  and  the  silver 
wire  21  are  in  communication  wid  the  ground ;  and  when  it  is 
wanted  to  make  them  communicate  with  ^e  negative  extremity  <^ 
the  cahmms  I  have  only  to  take  up  the  moveable  wire,  and  to  lay 
its  end  on  the  projecting  brass  piece  of  that  extremity.  I  was 
surprised  to  find  so  little  difference  of  efiect  between  the  communi- 
nicationof  the  ball  18  with  the  negative  extremity  of  the  columns, 
and  with  the  ground,  which  is  a  standard  between  the  negative  and 
positive  state  of  bodies  ;  and  upon  the  whole  this  kind  of  observa- 
tion opens  a  new  and  interesting  field  of  researches.  Therefore, 
though  I  had  but  a  short  time  to  follow  these  observations,  the 
following  journal  will  show  at  least  the  nature  of  this  phenomenon. 
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In  the  last  days  of  these  obserratioiis  I  had  some  reason  to  suspect 
that  something  had  been  deranged  in  the  apparatus,  but  I  could 
not  examine  it,  as  I  was  preparing  to  leave  Windsor  for  spending 
the  summer  in  Devonshire,  where  I  write  this  paper.  However, 
the  defect  which  I  suspected  did  not  interfere  with  the  object  of  this 
last  series  of  observations,  which  principally  relates  to  the  electric 
state  of  the  ground.  This  state  is  here  compared  with  that  of  the 
extremities  of  the  column,  which  I  have  called  negative,  though  it 
is  sometimes  neutral,  comparatively  with  the  electric  state  of  the 
ambient  air ;  but  it  is  never  positive.  On  the  other  hand,  the  bead 
never  moves  but  as  positive  comparatively  with  the  same  standard, 
and  it  moves  the  faster  as  the  ball  18  differs  more  from  its  electric 
state.  Now  it  is  seen  in  the  above  observations,  that  sometimes  the 
bead  moves  faster  when  the  ball  is  in  communication  with  the 
ground,  than  when  it  communicates  with  the  extremity  of  the 
column  called  negative.  This  is  a  test  of  the  electric  state  of  the 
ground  which  deserves  to  be  deeply  studied,  in  order  to  understand 
it  better. 

Were  I  younger,  I  ought  not  to  publish  these  experiments  and 
observations  in  ^eir  present  state ;  I  should  endeavour  first,  to  im- 
prove the  instrument,  in  order  to  meet  a  proper  season  wiUi  more 
advantage  ;  then  to  follow  the  motion  of  the  aerial  electroscope 
more  regularly  than  hitherto  I  have  been  able  to  do,  being  con- 
stantly employed  in  improving  it;  and  to  study  the  connexion 
between  these  motions  and  the  changes  in  the  electric  state  of  the 
air  near  the  ground,  and  of  the  ground  itself:  a  course  of  observa- 
tions, which  is  to  be  followed  from  the  time  of  the  greatest  effects  of 
the  column,  to  that  of  their  rapid  diminution,  coinciding  with  the 
time  when  vegetation,  the  greatest  terrestrial  phenomenon,  prevails 
on  all  the  ground ;  and  in  which  it  thus  appears  that  the  electric 
fluid  has  some  influence.     But  though  it  is  possible  that  I  may 
take  up  again  these  observations,  I  prefer  an  earlier  communication 
to  natural  philosophers  of  the  beginning  of  researches  of  this  class ; 
because  at  any  rate  these  researches  would  advance  more  certainly, 
should  they  become  the  object  of  many  observers,  not  merely  for 
assembling  scattered  and  unconnected  phenomena,  but  for  consider- 
ing the  light  that  they  reflect  upon  each  other,  which  may  help  to 
trace  up  their  real  causes.     No  spontaneous  effects  can  numifest  in 
a  more  characteristic  manner  these  remote  connexions  between  ter- 
restrial phenomena  by  common  causes,  than  those  offered  to  our 
view  by  the  atmosphere,  in  which,  therefore,  we  must  endeavour  to 
extend  our  knowledge  by  meteorological  observations :  and  as  these 
phenomena  have  been  for  a  long  time  one  of  the  principal  objects  of 
my  attention  and  study,  I  purpose  to  explain  in  the  last  part  of  this 
paper,  the  connexion  that  may  exist  between  the  indications  of  the 
aerial  electroscope,  when  properly  settled,  and  many  atmospheric  phe- 
nomena which  are  daily  observed  without  being  really  understood. 

Ashfield,  near  Honiton,  23rd  August,  1810. 

(To  he  continued.) 
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New  Researches  on  the  Properties  of  Electric  Currents  ;  Discon- 
tinued and  directed  aUemately  in  Contrary  Directions.  By 
Professor  M.  A.  Db  la  Rive.* 

(Continued  firem  page  47)> 

SECTION   II. 

Passage  of  Magnetic  Electric  Currents  through  Metallic  Conductors. 

1  HAVE  found  that  the  magnetic  electric  currents  are  better  con- 
veyed by  a  heterogeneous  conductor,  than  by  a  homogeneous  one. 
I  here  give  the  experiment  to  which  I  refer  for  support  in  this 
opinion : — "  In  traversing  a  conductor  of  the  same  total  length,  that 
is  to  say  a  metre,  but  formed  of  two  wires  attached  end  to  end,  the 
one  of  iron,  the  other  of  copper,  the  current  gave  75^  (by  the 
thermometer  of  Breguet) ;  by  putting  in  succession  to  each  other 
four  ends,  alternately  copper  and  iron,  but  always  maintaining  the 
same  total  length,  this  current  indicated  76^  ;  it  gave  77^  when  the 
conductor  was  composed  of  eight  ends  alternately  copper  and  iron. 
In  each  case  the  total  length  of  the  conductor  was  the  same,  and 
the  copper  and  iron  wires  were  always  of  the  same  diameter — a 
millimeter." 

I  immediately  add,  ''  It  is  probably  to  the  circumstance  that  the 
magnetic  electric  currents  are  composed  of  currents  discontinued 
and  alternately  contrary,  that  their  preference  for  heterogeneous 
conductors  is  due ;  whilst  that  voltaic  currents  and  thermo-electric 
currents  continued,  are  always  travelling  in  the  same  direction,  tra- 
verse with  much  greater  facility  homogeneous  conductors." 

M.  Lenz  has  made  these  experiments,  but  as  I  have  said,  with  a 
single  instantaneous  current,  which  made  the  needle  a  galvano- 
meter ;  he  has  not  observed  any  difference  in  the  intensity  of  the 
current  in  passing  through  the  ends  of  an  iron  wire,  and  die  ends 
of  a  copper  wire  of  the  same  length,  placed  one  after  the  other ; 
wliether  these  ends  were  alternated,  or  whether  they  were  not  alter- 
nated. I  should  not  have  been  surprised  if  the  author  had  found  a 
contrary  difference  to  that  which  I  had  observed  :  in  fact,  it  is  well 
known,  by  my  own  experiments  and  by  those  of  M.  Peltier,  that 
the  change  of  the  conductor  (when  even  the  conductors  are  both 
metallic)  is,  for  a  current  constantly  travelling  in  the  same  direc- 
tion, a  cause  of  diminution.  These  experiments  of  M.  Lenz  prove 
that  there  is  no  longer  a  diminution  when  the  current  is  instan- 
taneous :  mine  prove  that  there  is  a  slight  augmentation,  when,  in 
place  of  an  instantaneous  current,  or  of  a  continuous  current,  we 
make  use  of  a  series  of  instantaneous  currents,  alternately  moving 
in  contrary  directions,  which  traverses  the  system  of  solid  conduc- 
tors alternately  between  them.  The  first  of  these  results,  proves 
probably,  that  an  instantaneous  current,  on  account  of  its  enormous 
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force  of  projection,  is  not,  like  a  continuous  current,  sensible  to  the 
small  differences  of  conducdbility  which  are  due  to  the  changes  a£ 
solid  conductors.  What  I  h&ye  advanced  is  not  a  pure  hypothesis  ; 
for  how  can  we  explain,  if  we  do  not  attribute  to  the  same  cause, 
the  fact  that  an  instantaneous  current  produces  physiological  effects 
so  powerful,  in  spite  of  the  great  resistance  which  ought  to  be  pre- 
sented to  it  by  the  introduction  into  the  totally  metallic  circuit  of  an 
organized  body ;  whilst  that  a  pile  whose  circuit  is  a  far  less  good 
conductor  produces  such  feeble  results  comparatiyely  speaking  ?  A 
series  of  discontinuous  instantaneous  currents  ought  to  present  the 
same  property  as  an  isolated  current ;  but  if  these  currents  move 
alternately  in  a  contrary  direction*  not  only  are  they  lesa  sensible  to 
the  change  of  conductors,  but  these  changes  appear  to  facilitate,  in  a 
small  measure^  their  transmission.  I  do  not  Imow  how  to  see  any 
contradiction  between  these  results ;  and  as  to  that  which  I  have 
obtained,  it  is  perhaps  premature  to  attempt  to  explain  it ;  and  I 
have  also  abstained  fropi  it  in  my  memoir.  NeyerthelesSy  I  shall 
take  occasion  to  show  that  this  phenomenon  presents  nothing  con- 
trary to  received  ideas,  and  to  indicate  the  cause  to  which  it  appears 
to  me  to  be  due ;  at  the  same  time,  always  recognizing  the  fact 
that  this  subject  still  merits  to  be  well  studied. 

A  primary  current  instantaneously  determines  in  a  conductor 
which  it  traverses,  two  currents  by  induction ;  the  one  a,  moving 
in  a  contrary  direction  to  its  own  which  is  simultaneous  with  it, 
and  which  consequently  diminishes  a  little  its  own  intensity ;  the 
other  6,  moving  in  the  same  direction,  and  which  succeeds  it  im- 
mediately. This  current  b  is  simultaneous  with  the  second  instan- 
taneous current  which  immediately  follows  the  first;  and  which 
moves  in  a  contrary  direction,  par  consequence^  also  in  a  contrary 
direction  to  the  current  b.  This  one  diminishes  then  the  intensity 
of  the  second  instantaneous  current :  this  second  current  in  its  turn 
determines  currents  by  induction^  which  ought  to  produce  the  same 
effect  on  itself,  and  on  the  third  instantaneous  current ;  and  so  of  the 
rest.  It  restdts  then  from  that  which  precedes,  that  a  series  of  in- 
stantaneous currents  travelling  in  alternative  contrary  directions 
through  a  conductor,  determine  currents  by  induction  in  this  con- 
ductor, which  diminish  their  original  intensity.  All  that  will  en- 
feeble these  currents  by  induction,  will  as  much  augment  the  in- 
tensity of  the  fundamental  currents  :  now,  this  weakening,  we  may 
produce  by  disposing  the  metallic  wire  in  such  a  fashion  that  the 
ends  of  iron  and  copper,  of  which  it  is  composed,  are  alternated  as 
much  as  possible ;  this  disposition,  in  fact,  enfeebles  excessively  the 
induction  of  the  current  on  itself,  which  is,  as  we  know,  as  much 
stronger  as  the  homogeneous  conductor  in  which  it  takes  place  is 
increased  in  length. 

Such  is  then  the  explication  which  appears  to  me  the  most  natu- 
ral of  the  phenomenon  which  T  have  observed,  and  which  as  we  see  pro- 
ceeds from  the  fact  that  the  currents  with  which  I  have  obtained 
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it  are  instantaneous,  and  which  move  alternately  in  contrary  di- 
rections. 


SECTION    III. 

On  the  Passage  of  Magneto-Electrie    Currents    through   Liquid 

Conductors. 

M.  Lenz  studied  in  detail  the  paragraph  in  which  I  was 
occupied  on  the  passages  of  magneto-electric  currents  through 
liquid  conductors.  He  believes,  as  I  do,  that  the  influence  which 
the  length  more  or  less  great  of  the  liquid  conductor  exercises  on 
the  intensity  of  the  transmitted  electricity,  is  greater  for  these  cur- 
rents than  for  magneto-electric  currents  :  he  remarks  that  it  is  a 
consequence  quite  natural  of  the  law  of  Ohm.  I  do  not  deny  it, 
for  here  you  will  see  what  I  add  after  having  reported  my  results. 

"  I  do  not  endeavour  to  seek  in  the  preceding  tables  the  following 
law  which  the  intensity  of  the  current  augments  in  proportion  as 
the  distance  is  diminished ;  this  law,  in  fact,  is  connected,  as  will  be 
shown,  of  the  beautiful  works  of  M.  M.  Ohm  and  Fechner,  with  the 
conductibility  of  the  whole  of  the  circuit  which  the  currents  tra- 
verse, and  consequently,  in  this  case,  with  that  of  the  metallic  wire 
in  which  it  is  developed,  and  of  the  helix  which  it  traverses,  &c." 

M.  Lenz  is  no  longer  in  agreement  with  me  when  he  attempts 
to  appreciate  the  influence  which  is  exercised  on  the  intensity  of 
magneto-electric  currents  by  the  interposition  of  a  metallic  dia- 
phragm in  the  liquid  which  the  currents  traverse.  I  have  remarked 
that,  if  this  diaphragm  has  an  extent  equal  to  that  of  the  section  of 
the  liquid  in  which  it  is  placed,  the  magneto-electrical  currents  do 
not  undergo  any  loss  of  intensity,  because  we  do  not  charge  the 
length  of  liquid  traversed  ;  whilst  that,  in  the  same  circumstances, 
the  voltaic  and  thermo-electric  currents  undergo  a  sensible  diminu- 
tion. M.  Lenz  concludes,  either  from  experiments  which  he  had 
made  precedingly,  or  from  new  ones  which  he  has  made  in  the  same 
circumstances  as  mine,  that  is  to  say,  by  interposing  a  plate  of  pla- 
tiniun  in  a  diluted  acid,  that  an  instantaneous  current  will  undergo 
a  considerable  diminution  of  intensify  by  the  efiect  of  the  inter- 
position of  a  metallic  diaphragm  in  the  liquid  conductor.  He  flnds 
even  that  the  resistance  which  the  column  undergoes  in  its  passage 
across  the  plate,  is  nearly  ten  times  as  great  as  that  which  it  meets 
with  in  traversing  the  entire  body  of  liquid. 

I  am  ready  to  recognise  the  exactness  of  the  result  obtained  by 
M.  Lenz,  but  I  do  not  conclude  from  it  that  mine  are  erroneous. 
In  fact,  our  experiments  are  not  comparable :  since  in  the  one  a  sin- 
gle instantaneous  current  is  made  use  of,  and  in  the  other  a  series 
of  instantaneous  currents  is  employed,  alternately  travelling  in  con- 
trary directions.  It  is  true  that  the  nature  of  the  circuit,  quite  me- 
tallic, in  which  the  magneto-electric  currents  are  developed,  ought 
to  render  them  much  more  sensible   than  the  hydro-electric  cur- 
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rents  to  an  augmentation  of  resistance  in  the  remainder  of  the  circuit 
which  they  have  to  traverse,  such  as  that  which  results  from  the 
interposition  of  a  diaphragm  :  this  is  what  M.  Lenz  found.     But 
when  it  is  a  series  of  currents  moving  alternately  in  contrary  direc- 
tions which  is  transmitted,  a  phenomenon  is  exhibited  which  must 
singularly  modify  the  results.     The  metallic  plate  of  which  I  have  • 
made  use  is  of  platinum ;  it  receives  successively  on  each  of  its 
faces  the  oxygen  and  hydrogen  proceeding  from  the  decomposition 
of  the  water  brought  about  by  the  successive  currents,  and  yet  there 
is  no  disengagement  of  gas  shown,  as  I  have  said  in  my  memoir. 
This  absence  of  gas  is  due  to  the  oxidation  and  successive  restoration 
which  the  platinum  undergoes,  as  I  shall  show  in  the  second  part 
of  the  present  memoir.     Now  then  this  chemical  action  makes  the 
resist^ce  disappear  which  a  metallic  diaphragm  exercises  on  the 
currents  which  traverse  it.     1  have  shown,  in  fact,  in  the  preceding 
researches,*  that  the  chemical  action  which  the  surface  of  a  dia- 
phragm undergoes,  diminishes  the  resistance  which  this  diaphragm 
opposes  to  the  transmission  of  electricity ;  and  in  the  case  of  which 
we  are  now  speaking,  each  thread  of  the  current  bringing  with  it 
its  oxygen,  which  is  afterwards  borne  away  by  the  hydrogen  of  the 
following  current,  it  is  easily  transmitted  by  the  successive  oxidation 
and  the  de-oxidation  which  thus  operate.     Also,  as  soon  as  a  little 
gas  shows  itself,  the  chemical   action  is  no  longer  complete  on  the 
platinum  plate,  and  the  resistance  which  it  opposes  to  the  transmis- 
sion of  currents,  then  becomes  visible.      A  very  great  number  of 
facts  confirm  the  exactness  of  this  explanation.     These  facts  are  al- 
ready made  known  in  my  published  memoir.     I  shall  have  occasion 
to  cite  them  anew  in  the  second  part  of  the  present  one. 


SECTION  IV. 

Influence  of  the  Size  and  Form  of  Metallic  Conductors  which  ought 

to  conduct  the  Currents  in  a  Liquid, 

I  have  devoted  a  paragraph  to  the  study  of  the  influence  of  the 
form  and  extent  of  a  metallic  conductor  which  serves  to  transmit  the 
currents  in  the  liquid.  The  most  important  result  which  I  have 
obtained  is,  that  when  the  extent  of  a'metallic  conductor  goes  beyond 
a  certain  limit,  we  do  not  augment  the  intensity  of  the  currents 
transmitted  in  augmenting  this  extent.  When  the  limit  in  question 
is  attained,  there  will  be  no  development  of  gas  on  the  sur&ce  of 
this  conductor ;  consequently  all  chemical  action  appears  to  cease, 
though  the  transmission  of  the  electricity  is  effected  with  greater 
facility  than  it  was  when  the  surface  of  the  conductor  being  less 
extended,  bubbles  of  gas  were  seen  to  appear  there.  I  have  attri- 
buted the  effect  which  I  have  just  described,  to  the  fact,  that  the 
magneto-electrical  currents  being  totally  transmitted  when  we  attain 

*  j4nn.  fie  Ch»  et  tie  Phfft,^  tom.  xxviii,  p.  213,  et  torn,  xxxvii,  p/251.    '} 
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a  certain  extent  for  the  surface  of  contact  between  the  solid  and 
liquid  conductor,  we  no  longer  gain  anything  by  augmenting  this 
extent.  As  to  the  cessation  of  Uie  disengagement  of  gas,  1  have 
thought  that  it  might  possibly  be  explained  by  the  enfeebling  which 
the  ti^reads  of  the  current  undergo  in  being  disseminated,  which 
enfeebling  renders  them  incapable  of  producing  chemical  effects ;  I 
have  added  that  these  effects  always  manifest  themselves  in  those 
points  where  the  currents  are  confined  in  their  passage ;  as  soon  as 
they  no  longer  experience  this  constraint,  which  happens  when  we 
attain  the  limit  in  question,  the  phenomena  of  decomposition  can  no 
longer  take  place.  I  have  afterwards  cited  some  facts  relative  to 
the  influence  of  the  form  of  the  conductor,  and  I  have  afterwards 
terminated  the  whole  of  the  paragraph  by  the  following  reflection  : 

"  It  is  possible,  as  we  shall  see  further  on,  that  the  slight  chemical 
action,  which  may  in  some  cases  take  place  on  that  part  of  the 
surface  of  platinum  in  contact  with  the  liquid  in  which  the  currents 
of  electricity  are  transmitted,  was  not  without  some  influence  in  the 
production  of  those  phenomena  which  have  been  the  object  of  this 
paragraph." 

M.  Lenz  candidly  admits  that  the  extent  of  the  metallic  surface 
which  transmits  any  current  whatever  in  the  liquid,  ought  to 
enfeeble  the  elementary  threads,  and  perhaps  render  them  incapable 
of  producing  chemical  decompositions ;  but  he  is  not  convinced  that 
the  absence  of  chemical  actions  is  quite  real,  he  supposes  that  it  is 
perhaps  only  apparent,  and  that  the  bubbles  of  gas  disengaged  are 
so  small  that  they  rest  dissolved  in  the  liquid  or  are  invisible.  He 
presumes  also  that,  in  the  experiments  which  I  have  made,  the 
disappearance  of  the  gases  may  proceed  from  the  combination  of  the 
oxygen  and  hydrogen  on  the  surface  of  the  platinum,  where  they 
arrive  so  rapidly  one  after  the  other.  I  am  bound  to  acknowledge 
that  I  am  led  to  believe  that  M.  Lenz  is  right ;  already,  as  the 
paragraph  which  I  have  above  cited  will  prove,  I  have  expressed 
doubts  on  the  real  absence  of  chemical  action  in  the  case  where  no 
disengagement  takes  place.  And  even  after  having  shown  that 
when  the  surface  of  the  conductor  becomes  very  great,  the  chemical 
action  of  a  voltaic  current  diminishes  also,  but  without  becoming 
completely  null,  I  have  added  the  following  phrase : — **  This  point 
merits  a  new  examination,  and  1  reckon  upon  returning  to  it  inces- 
santly, in  especially  studying  in  view  the  voltaic  currents  and  the 
influence  which  may  be  exercised  on  the  phenomenon,  not  only  by 
the  extent,  but  the  different  nature  of  liquid  and  metallic  conductors 
in  contact,  through  which  the  current  is  transmitted,  and  where  the 
chemical  decomposition  is  effected." 

Some  new  observations  which  I  have  since  made,  and  which  are 
contained  in  the  remaining  part  of  this  memoir,  have  shown  me, 
in  fact,  that  there  is  an  undoubted  chemical  action  when  even  there 
is  no  sensible  disengagement  of  gas  on  the  surface  of  conductors 
which  transmit  the  currents  through  the  liquid.     Thus  the  idea 
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which  I  had  advanced,  that  these  currents  produce  chemical  action 
only  when  they  are  confined  in  their  passage,  appeared  to  me  to 
call  for  a  new  submission  to  examination ;  it  is  possible  that  the 
chemical  action  is  only  weakened  without  ever  becoming  completely 
null. 

As  to  a  limit  in  the  extent  of  the  surface  of  contact  between  the 
metallic  and  liquid  conductors,  the  most  favourable  to  the  trans- 
mission of  currents,  M.  Lenz  contests  it.  He  cites  experiments 
always  made  with  the  instantaneous  electric  current^  from  whence  it 
results  that  he  has  always  augmented  the  intensity  of  the  current 
transmitted  in  proportion  as  he  gave  more  extent  to  the  surface  of 
the  metal  in  contact  with  the  liquid.  However,  he  acknowledges 
himself  that  the  augmentation  of  the  intensity  which  corresponds  to 
a  certain  augmentation  in  the  surface  inunersed,  is  no  longer  so 
sensible  when  this  surface  is  already  very  great ;  but  he  affirms  that 
it  always  does  take  place.  I  will  remark  on  this  point  that  M. 
Lenz  has  not  sufficiently  augmented  the  surface  of  the  immersed 
metal  to  attain  the  limit  which  exists,  I  believe,  with  every  species 
of  currents  ;  but  I  ought  to  observe  that  with  currents  propelled 
alternately  in  contrary  directions,  the  limit  ought  to  be  much  more 
quicldy  attained,  because  of  the  chemical  action  of  which  I  have 
spoken  previously,  which  facilitates  the  passage  of  the  electricity  of 
the  liquid  in  the  metal,  and  reciprocally  of  the  metal  in  the  liquid. 
Whatever  be  the  cause  of  the  existence  of  this  Hmit,  it  is  evident 
that  there  is  one,  at  least  of  the  currents  of  which  I  have  made  use ; 
since  if  we  go  beyond  it,  even  very  far,  we  do  not  augment  either  the 
chemical  effects  or  the  calorific  effects  of  these  currents ;  whilst^ 
previously  to  attaining  it  an  augmentation  in  the  extent  of  the  im- 
mersed surface  sensibly  increases  the  energy  of  these  effects.  M. 
Lenz  here  made  me  an  objection  which  I  have  not  comprehended  : 
he  says  that  if  I  attain  this  limit,  all  the  current  ought  to  pass,  and 
that  I  ought  consequently  to  obtain  then  the  same  calorific  effect  as 
I  obtain  when  the  circuit  is  entirely  metallic.  This  would  be  true, 
if  all  the  resistance  which  the  currents  meet  with  in  their  circuit  had 
existence  only  at  the  passage  of  the  metallic  plate  in  the  liquid  ;  but 
the  liquid  itself  exercises  one  which  remains  constant,  and  we  attain 
the  limit  when  we  have  annulled  the  first  of  these  two  causes  of 
resistance,  the  second  always  contintung  to  subsist.  This  is  what  I 
express  in  saying  that  all  the  magneto-electrical  current  is  trans- 
mitted, that  is  to  say,  all  the  current  that  can  be  developed  in  a 
circuit  partly  metallic  and  partly  liquid. 


SECTION    V. 

Particular  Phenomena  which  take  place  at  the  Surface  of  the 
Metals  which  have  served  to  put  the  Liquids  in  the  Magneto- 
Electric  Current. 

M.  Lenz  has  made  no  remark  on  the  phenomena  which  form  the 
object  of  this  paragraph,  and  which  constitute  the  most  important 
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part  of  my  memoir.  He  only  obserres  that  it  is  probable  that  they 
may  be  produced  by  hydro-electric  currents  placed  in  the  same  con- 
ditions as  the  magneto-electric  currents  ;  I  am  in  this  respect  alto- 
gether of  his  opinion,  and  I  call  to  my  aid  even  more  than  he 
does, — experiment  to  the  support  of  my  opinion. 

The  phenomena  now  in  question  are  referable  to  the  formation  of 
a  metallic  layer  or  bed,  finely  divided,  on  the  surface  of  the  metals 
which  transmit  into  a  liquid  the  magneto-electrical  currents.  This 
effect  appears  to  be  due  to  a  series  of  oxydadons  and  reductions  which 
the  sur&ce  of  the  metals  undergo,  even  that  of  metals  the  least 
ozidable  in  appearance,  such  as  gold  or  platinum.  I  do  not  insist 
for  the  moment  on  this  category  of  facts,  to  which  I  return  in  the 
remaining  part  of  my  memoir. 


SECTION    VI. 

On  the  Effects  occasioned  by  the  simultaneous  employment  of  Liquid 
and  Metallic  Conductors,  for  the  Conduction  of  Inagneto-Eleetric 
Currents. 

I  have  explained  in  this  paragraph  some  facts  which  seem  to  show 
a  species  of  interference  exercised  by  the  magneto-electric  currents 
on  each  other.  Before  arriving  at  the  helix  of  the  metallic  thermo- 
meter, the  currents  traversed  two  conductors  situated  parallel  to 
each  other,  between  which  they  were  divided :  the  one  of  these 
conductors  was  a  very  thin  plate  of  dilute  sulphuric  acid,  placed 
between  two  very  broad  plates  of  platinum ;  the  other  a  metallic 
wire  whose  length  could  be  varied  at  pleasure.  Now  I  observed 
that  the  addition  of  this  second  conductor  not  only  did  not  augment 
the  calorific  intensity  of  the  currents  on  the  helix,  but  that  they 
might  even  diminish  it  by  giving  it  a  certain  length.  I  have  indi- 
cated the  lengths  which  produced,  with  wires  of  different  natures, 
and  the  same  diameter,  the  maximum  and  minimum  of  effects. 

M.  Lenz  has  made  a  great  number  of  experiments  on  this 
subject :  but  he  has  always  employed  a  single  instantaneous  current ; , 
he  has  made  it  pass  through  two  parallel  conductors,  sometimes  both 
solid,  sometimes  one  solid,  the  other  liquid.  He  has  constantly 
observed  that,  conformably  to  the  law  of  Ohm,  the  current  was 
divided  between  the  two  conductors,  proportionally  to  their  conduc- 
tibility,  and  that  the  conductibility  of  the  double  circuit  was  the 
sum  of  the  partial  conductibilities  of  the  two  parts  of  which  it  was 
composed.  The  solid  conductor  was,  in  his  experiments,  a  metallic 
wire  of  greater  or  less  length,  and  of  a  variable  nature  ;  the  liquid 
conductor  was  of  sulphate  of  copper,  placed  in  the  circuit  by  means 
of  two  plates  of  copper. 

It  is  not  astonishing  that  M.  Lens,  having  made  his  experiments 
under  conditions  altogether  different  to  those  under  which  I  made 
mine,  did  not  arrive  at  the  same  results.     I  observed  first  that  in 
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my  experiments  the  conductor,  formed  of  a  thin  layer  of  diluted 
sulphuric  acid,  placed  between  two  plates  of  platinum,  was  as  good, 
and  even  better,  than  the  conductor  totally  metallic,  formed  of  a  fine 
silver  or  platinum  wire.  This  was  not  the  case,  I  believe,  in  M. 
Lenz's  experiments,  where  the  solid  conductor  was  better  than  the 
liquid  one.  Besides,  I  made  use  of  currents  transmitted  alternately 
in  contrary  directions,  and  M.  Lenz  employed  only  an  instantaneous 
current.  Now  it  is  very  possible  that  the  phenomenon  which  I 
observed  belonged  to  this  second  circumstance.  It  is  a  point  which 
merits  being  cleared  up ;  and  generally  speaking,  the  entire  subject 
has  to  be  studied.  I  have  engaged  to  make  this  study  by  publishing 
the  first  results  which  I  have  obtained :  I  will  fulfil  my  engagement. 
I  will  willingly  agree  that  I  have  perhaps  been  too  hasty  in  speaking 
of  interference,  before  having  compared  a  great  number  of  observa- 
tions ;  though  I  persist  in  maintaining  the  exactness  of  my  experi- 
ments, when  we  operate  in  the  same  conditions  as  I  myself  have 
operated,  and  to  find  that  they  seem  not  sufficient  to  be  explained 
except  by  a  species  of  interference. 

I  terminate  here  this  first  part  of  my  memoir.  It  will  perhaps  be 
found  that  I  have  treated  it  with  too  little  development ;  but  the 
work  of  M.  Lenz  is  a  work  very  long  and  full  of  details,  and  it  is 
impossible  for  me  to  leave  him  without  saying  so ;  since  it  has  had 
for  its  exclusive  object  the  criticising  of  my  preceding  researches. 
It  is  to  be  regretted  thatM.  Lenz  did  not  make,  before  undertaking 
this  criHque,  the  refiection  by  which  he  has  terminated  it :  the  result 
would  have  been  a  much  shorter  controversy  between  him  and  me. 

This  is  what  he  says  after,  as  I  have  above  referred  to,  combatting 
the  conclusions  which  I  come  to  in  the  Section  YI : 

"  As  to  knowing  if  a  rapid  succession  of  magneto-electric  currents, 
opposed  among  themselves,  modify  the  phenomena  which  are  due  to 
the  influence  of  conductors,  that  is  what  other  researches  may  decide. 
In  any  case,  the  cause  is  not  in  the  nature  of  the  currents,  but  in 
the  mode  of  their  succession ;  the  phenomena  will  be  the  same  if  a 
hydro-electric  current  were  conducted  similarly  in  directions  alter- 
nating contrary  through  a  conductor,  by  means  of  a  commutation." 

I  have  never  said  anything  else  :  thus,  to  combat  my  results  it  was 
necessary  to  place  himself  on  the  same  ground  that  I  had  taken, 
and  consequently  to  make  use  of  the  same  currents  as  I  have  made 
use  of. 

(To  he  continued), 

MEETING  OF  THE  BRITISH  ASSOCIATION. 

(Continued  from  page  80>. 

Mr.  Hutton  then  read  the  "  Report  of  the  Committee  for  Regis- 
tering the  Shocks  of  Earthquakes  in  Great  Britain."  The  report 
described  the  instruments  which  had  been  used,  and  in  whose  charge 
they  had  been  placed.     During  the  period  of  eleven  months,  out  of 
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sixty  shocks  felt,  only  three  of  the  instruments  were  affected.     On 
the  30th  July,  1841,  a  shock  was  felt  at  Comrie,  when  the  pendulum 
of  one  of  the  instruments  used,  vibrated  east  and  west.    The  ground 
vibrated  considerably,  and  the  chimnies  of  some  houses  a  few  miles 
from  Comrie  were  thrown  down.     Mr.  MTarlane,  who  had  the  care 
of  the  instruments,  describes  the  chimnies  of  some  of  the  houses,  and 
also  the  walls,  as  being  rent,  and  that,  generally,  the  walls  so  rent 
ran  in  a  north  and  south  direction,  whilst  those  running  east  and 
west  escaped.     It  was  supposed  that  the  particular  spot  from  which 
the  shocks  emanated  was  at  the  distance  of  a  few  miles  from  Comrie, 
and  the  committee  urged  upon  the  association  the  desirableness  of 
making  further  observations,  in  order  to  ascertain  the  cause  of  such 
shocks,  and  their  frequent  occurrence  in  Perthshire.     The  earth- 
quakes were  supposed  to  be  owing  to  the  agency  of  electricity,  and 
were  believed  to  have  some  connexion  with  the  state  of  the  weather. 
The  committee  urged  upon  the  association  to  provide  additional  in- 
struments for  malang  meteorological  observations,  and  expressed  a 
hope  that  the  efforts  of  the  committee  would  be  successful.     After 
the  paper  had  been  read,  thanks  were  voted  to  Dr.  Buckland  and 
Mr.  David  Milne,  by  whom  it  was  communicated.     Dr.  Buckland 
then  made  some  observations  on  the  importance  of  having  instru- 
ments to  register  the  operations  which  are  now  going  on  in  the 
bowels  of  the  earth,  and  also  to  ascertain  the  causes  of  the  other 
phenomena  attending  earthquakes.     Within  two  years  one  hundred 
and  seventy  shocks  of  earthquake  had  been  felt  in  the  lower  line,  of 
country  of  Perthshire,  parallel  to  the  Grampians.     He  referred  to 
the  late  earthquake  in  St.  Domingo,  and  to  the  probability  of  the 
same  phenomena  being  more  generally  exhibited  in  this  country. — 
Professor  Sedgwick,  after  expressing  his  opinion  that  the  state  of 
the  atmosphere  was  not  so  likely  to  have  an  effect  in  producing 
earthquakes,  as  the  phenomena  attending  the  latter  were  likely  to 
affect  the  state  of  the  atmosphere,  expressed  a  hope  that  the  associ- 
ation would,  notwithstanding,  provide  all  the  requisite  instruments 
for  making  meteorological  olraervations. — Dr.  Buckland  said  that 
what  was  called  the  earthquake  season  in  Perthshire,  was  the  rainy 
season  in  the  winter  months,  and  on  that  account  the  atmospheric 
phenomena  had  been  supposed  to  have   some  effect  in  producing 
these  small  earthquakes ;  as  for  instance,  through  the  infiltration  of 
water. — Mr.  Nicholson,  of  Kendal,  gave  some  account  of  an  earth- 
quake which  occurred  at  Morecombe  Bay,  on  Sunday  week.     On 
that  day  the  thermometer  was  higher  than  it  had  ever  been  since 
1826.     He  drew  no  inferences  from  that  fact,  although  it  did  seem 
to  form  a  connection  between  the  state  of  the  barometer  and  the 
earthquake  itself.     There  had  been  great  drought  for  some  weeks 
previous  to  the  earthquake,  and  rain  came  on  the  following  day. 
— ^A  member  of  the  association,  whose  name  we  could  not  learn, 
observed  that  earthqiiakes  at  Comrie  were  of  recent  origin,  none 
having  been  known  to  take  place  prior  to  1780. 
a2 
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A  communication,  by  Dr.  James  Starke,  '*  On  the  Structure  and 
Mode  of  Formation  of  Glaciers,"  was  next  read.     The  paper  gave 
an  account  of  the  discoveries  that  have  been  made  by  different  sci- 
entific individuals  respecting  glaciers  on  the  Alps,  and  other  places. 
The  author  is  opposed  to  the  theory  of  M.  Agassiz,  respecting  the 
origin  of  glaciers,  from  whose  description  of  the  glaciers  in  Switzer- 
land, and  also  from  the  writings  of  Dr.  Scoresby  and  others,  who 
have  visited  the  Polar  regions,  he  arrives  at  the  conclusion  that  gla- 
ciers are  generally  stratified  in  a  vertical  and  longitudinal  direction, 
and  have  been  formed  by  the  freezing  of  daily  falls  of  snow.      The 
granular  and  other  variations  from  the  vertical  and  longitudinal  di- 
rection of  the  strata,  happened  in  various  ways.     The  granular  ap- 
pearance of  the  glaciers  he  supposed  to  be  owing  to  large  masses 
of  ice  falling  over  the  barrier  into  the  valley  beneath,  by  which  it 
was  broken  into  fragments,  and  the  water  going  over  it  a  portion 
became  solidified.      Glaciers,  he  was  of  opinion,  washed  from  an 
upper  surface  to  a  far  greater  extent  than  had  hitherto  been  sup- 
posed, even  from  above  what  had  been  called  "  the  line  of  perpetual 
snow."     It  had  always  appeared  to  him  that  there  was  scarcely  a 
phenomenon  in  nature  which  might  not  be  illustrated  by  something 
in  our  own  country,  and  he  had  often  thought  that  the  formation  of 
glacier  stratification  might  be  illustrated  by  reference  to  ice  upon  a 
small  stream. — The  Chairman  said  he  had  the  pleasure  to  return 
thanks  to  Dr.  Starke  for  the  communication  that  had  been  read. 
There  was  a  number  of  gentlemen  who  might  wish  to  take  part  in 
the  discussion  upon  it,  and  he  submitted  to  Dr.  fiuckland,  who  had 
given  a  great  deal  of  attention  to  the  subject,  whether,  as  it  was 
now  within  a  few  minutes  of  the  legal  hour  (three  o'clock),  it  would 
not  be  better  to  adjourn  the  meeting  until  to-morrow  morning  ? — 
Dr.  Buckland  thought  the  subject  was  not  geological,  but  belonged 
to  the  physical  section,  as  the  question  related  to  the  construction  of 
ice.     The  author,  it  appeared,  had  never  been  on  the  Alps,  and  was 
not,  in  his  opinion,  entitled  to  take  those  high  views  winch  he  had 
done.     There  were  gentlemen  present  who  had  been  in  the  icy  re- 
gions, and  he  thought,*  as  they  might  not  be  present  to-morrow,  if 
they  wished  to  make  any  observations,  now  was  the  time. — The 
Chairman  agreed  with  Dr.   Buckland  that  the  subject  was  much 
better  calculated  for  the  physical  section,  and  therefore  would  hand 
over  the  paper  to  Sir  David  Brewster,  who  might  make  what  use  of 
it  he  thought  proper. — ^After  a  few  words  from  Dr.  Richardson  and 
Lieat.-Colonel  Sabine,  the  meeting  adjourned. 

SECTION    D. ZOOLOGY    AND    BOTANY. 

President,  the  Dean  of  Manchester. — This  was  an  interesting 
meeting.  The  papers  read  were,  the  *'  Report  of  the  Committee 
for  the  Preservation  of  Animal  and  Vegetable  Substances,"  whose 
experiments  had  continued  for  four  years.  They  found  as  good 
preservatives  subcarbonate  of  potash  and  naptha,  employed  in  the 
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proportion  of  one  part  to  seven  of  water.  Moderately  good,  but 
the  specimens  were  rather,  too  soft,  were  sulphate  of  magnesia  and 
arseniate  of  potash.  Moderately  good,  when  examined  in  1840, 
but  the  specimens  now  decomposed,  were  alum,  muriates  of  ammo- 
nia and  magnesia,  nitre,  sulphate  of  zinc,  bi-carbonate  of  potash,  and 
arsenite  acid.  The  yarious  sorts  useless  for  the  purposes  of  preser- 
vation : — a  few  drops  of  kreosote  in  water  is  a  good  preservative, 
but  stains  the  specimens  brown,  whilst  corrosive  sublimate  preserves 
perfectiy,  but  hardens  the  substances  too  much. — ^Mr.  Blackwall 
read  a  long  paper  '*  On  the  Palpi  of  Spiders,''  the  result  of  many 
observations  on  living  specimens. — Dr.  Richardson  exhibited  a  spe- 
cimen of  nuiehcmum  snbducens,  from  Port  Essington,  New  Holland ; 
a  remarkable  fish,  new  to  naturalists. — Dr.  John  Richardson,  of 
Haslar,  read  a  long  paper  **  On  the  Present  State  of  the  Ichthyo- 
logy of  New  Zealand."  In  many  respects  the  zoology  of  this  coun- 
try is  singular ;  quadrupeds  being  very  rare.  Captain  Cook  having 
only  discovered  tiie  dog  and  rat,  whilst  Mr.  Polak  states  that  it 
nourishes  no  serpents  nor  snakes  of  any  description.  Upwards  of  one 
hundred  varieties  were  described,  many  of  which  were  new  to  ich- 
thyologists.— ^Mr.  Moore  exhibited  a  coUection  of  parasites,  found  in 
the  carp  and  salmon,  which  gave  rite  to  an  interesting  discussion. 

SECTION     F. — STATISTICS. 

The  section  was  thinly  attended,  only  about  twenty  gentiemen 
being  present.  This  was  probably  owing  to  the  fact  that  no  busi- 
ness had  been  announced  in  the  programme  as  likely  to  come  before 
the  section  on  that  day. 

Spade  Husbandry, — The  first  paper  read  was  one  by  Mrs.  Da- 
vies  Gilbert,  widow  of  the  late  D.  Gilbert,  Esq.,  Secretary  to  the 
Royal  Society.  The  paper  was  read  by  Mr.  G.  Webbe  Hdl,  Bris- 
tol. It  contained  a  statement  of  the  advantages  of  small  allotments 
of  land,  when  cultivated  by  labourers,  and  also  an  account  of  the  in- 
troduction of  the  system  into  a  charity  school  at  Winnington,  near 
Eastbourne,  in  Sussex,  by  which  the  labour  of  boys  for  ^ree  hours 
a  day,  was  made  to  pay  for  their  instruction.  The  method  of  stall- 
feeding  catde  was  also  recommended  as  superior  to  the  grazing  sys- 
tem, and  extracts  were  introduced  from  the  Farmer* s  Magazine,  and 
Penny  Cyclopaedia,  illustrative  of  the  advantages  produced  by  this 
system  in  different  places  in  tiie  south  of  Enghmd,  where  a  number  of 
fkmilies  had  been  rescued  from  pauperism.  Applause  followed  the 
reading  of  the  paper,  and  thanks  were  voted  to  the  authoress. — 
Mr.  Porter,  of  Ireland,  said  he  had  had  much  to  do  with  this  spe- 
cies of  culture,  and  he  could  testify  to  the  superior  advantages  of 
liquid  manure  and  stall-feeding.  He  thought  the  suggestions 
thrown  out  in  the  paper  most  valuable. — Mr.  WooUcombe  expressed 
similar  sentiments,  as  also  did  Colonel  Sykes,  who  avowed  his  as- 
tonishment at  the  results  recorded  in  the  paper,  and  trusted  that  they 
woidd  become  generally  known  throughout  the    kingdom. — Mr. 
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Felkin,  of  Nottingham,  spoke  of  the  advantages  of  the  division  of 
land  on  the  continent,  particularly  in  Saxony,  where  the  comforts 
of  the  poor  manu&cturing  operatives  were  thereby  considerably  en- 
hanced.— Mr.  Webbe  Hall,  who  had  been  called  on  by  the  chair- 
man, to  give  his  opinion  as  to  the  practicability  of  the  methods  sug- 
gested, said  it  was  clear  that  the  system  was  one  founded  on  the 
acknowledged  principles  of  human  nature ;  an  appeal  to  which,  rightly 
made,  must  ever  be  successful.  He  could  testify  that  the  results 
stated  were  quite  within  the  bounds  of  possibility,  probability,  nay, 
even  certainty. — The  Chairman  remarked  that  the  paper  showed 
the  value  of  co-operation  between  landlords  and  tenants,  and  the 
importance  of  combining  industrial  employment  with  the  instruc- 
tion of  youth.  The  system  would  be  a  great  boon  to  Ireland, 
though  he  thought,  with  Mr.  Webbe  Hall,  that  it  would  be  vision- 
ary to  cut  up  the  whole  of  England  into  small  allottments ;  that 
would  be  a  retrocession,  rather  than  an  advance. — Colonel  Sykes 
remarked  tiiat  the  system  was  evidently  applicable  on  a  large  scale, 
as  the  authoress  of  the  paper  spoke  of  employing  300  labourers  in 
that  way  on  her  farms. — Mr.  Porter  gave  some  further  account  of 
the  operation  of  the  system  on  his  estates  in  Ireland,  the  introduc- 
tion of  which  had  been  suggested  to  him  by  a  former  paper  of  Mrs. 
Davies  Grilbert. 

Supposed  Influence  of  the  Factory  System  in  Developing  Consump- 
tion,— Mr.  D.  Noble,  surgeon,  of  this  town,  next  read  a  paper  on 
this  subject.  He  observed  tiiat  the  influence  of  the  factory  system 
in  the  deterioration  of  health  and  the  production  of  disease,  had  been 
a  subject  of  great  diversity  of  opinion.  It  had  been  denounced  in 
the  strongest  terms  by  phpicians  of  Uie  highest  reputation,  and  had 
been  reproached  as  destructive  of  every  soimd  condition  of  the  body, 
and  as  tiie  fruitful  source  of  consumption  and  scrofula.  Before  a 
committee  of  the  House  of  Conunons,  obtained  some  years  ago,  by 
the  late  Mr.  Saddler,  these  views  had  been  veiy  unequivocally  ex- 
pressed by  several  metropolitan  members  of  the  profession,  and  one 
witness  had  made  bold  to  assert  that  scrofulous  diseases  were  im- 
measureably  more  abundant  in  Manchester  than  in  the  metropolis 
and  other  places,  and  that  the  proportion  in  which  such  cases 
were  developed  could  not  be  less  than  one  in  every  ten  individuals. 
Otiiers  had  gone  into  the  opposite  extreme,  and  maintained  that 
the  factory  labour  was  a  true  protective  from  consumption  and 
scrofulous  affections,  and  that,  generally  speaking,  such  deviations 
from  sound  health  were  less  f^quent  here  than  elsewhere.  Amidst 
such  a  diversity  of  opinion  on  a  matter  of  fact,  it  might  be  difll- 
cult  to  determine  the  real  state  of  things ;  but  it  was  quite  cer- 
tain tiiat  many  intelligent  persons,  both  medical  men  and  others, 
did  regard  working  in  factories  as  giving  rise  to  pulmonary  con- 
sumption, or  as  inducing  it  where  a  strong  predisposition  existed. 
Most  of  these  founded  their  opinions  on  some  theory,  but  the  de- 
ductions from  theory  might  be  erroneous ;  and  it  was  an  interest- 
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ing  subject  of  inquiry  whether  such  was  the  case.  He  proposed, 
first,  to  examine  to  what  extent  the  general  results  obtained  by 
the  registrar-general  of  this  countiy,  confirmed  the  idea  that  pul- 
monary consumption  was  more  prevalent  in  Manchester  than  in 
other  large  and  populous  districts.  He  should  compare  this  with 
other  towns  where  few  or  no  manufactures  existed ;  and  should 
then  subjoin  some  of  the  results  of  an  examination  which  he  had 
made,  in  conjunction  with  Mr.  Ner  Gardiner,  of  the  registration 
books  of  this  town,  for  the  last  three  years :  data  which  would 
serve  to  show  the  proportion  which  the  whole  number  of  cases 
of  consumption  occurring  in  this  place  bore  to  those  of  persons 
employed  in  factories.  These  statements  might  tend  to  elucidate 
the  inquiry  as  to  the  special  agency  of  factory  employment  in 
cases  of  consumption.  He  would  first  submit  a  few  remarks  as 
to  the  nature  of  the  evidence  furnished  by  our  national  system  of 
ngistiy.  In  very  minate  medical  inquitL  on  q>eci«l  p^ology, 
little  or  no  aid  could  be  drawn  from  this  source ;  but  when  the  ob- 
ject was  to  determine  the  general  character  of  the  diseases  prevalent 
in  various  parts  of  the  kingdom,  and  to  estimate  the  influence  of 
outward  causes  in  the  production  of  fatal  disease,  the  facts  to  be  ga- 
thered from  the  registration  books  became  of  great  importance. 
The  causes  of  death  being  generally  recorded  on  no  better  autho- 
rity than  that  of  the  parties  giving  information  to  the  registrar, 
parties  who  wer/e  unprovided  with  any  medical  certificate,  and  who 
gave  their  answers  to  the  questions  in  popular  phraseology,  an  in- 
timate knowledge  of  which  phraseology  was  necessary  in  examining 
the  registries ;  yet  in  spite  of  these  drawbacks,  very  satisfiictory  and 
practical  useful  results  might  be  obtained.  The  numerical  state- 
ment he  was  about  to  submit  had  been  taken  from  the  third  and 
last  published  report  of  the  registrar-general,  and  the  figures  ap- 
plied exclusively  to  the  year  1839 ;  but,  on  a  comparison  of  this 
with  the  foregoing  reports,  he  found  a  remarkable  accotdance  in  all 
the  main  results :  an  accordance  which  furnished  the  strongest 
proof  of  the  importance  of  these  documents  in  a  statistical  point 
of  view.  According  to  the  census  of  1831  (that  of  1841  not  hav- 
ing been  obtained  at  the  period  of  the  publication  of  these  regis- 
tration reports),  there  were  49,392  families  resident  in  Manchester 
and  Salford,  and  the  entire  number  of  deaths  in  1839  was  9,223, 
of  which  1,451  were  recorded  as  having  been  from  consumption. 
This,  rejecting  fractions,  was  at  the  rate  of  one  death  annually 
from  consumption  in  34  families,  and,  in  proportion  to  the  deaths 
from  all  causes,  those  firom  consumption  were  3  to  every  19.  This 
truly  furnished  very  decisive  evidence  as  to  the  prevalence  of  con- 
sumption in  this  district,  and,  taken  by  itself  might  seem  to  afibrd 
evidence  that  factory  employment,  so  prevalent  here,  was  in  a  great 
measure  the  instrument  in  producing  this  state  of  things.  For, 
taking  Essex,  a  purely  agricultural  country,  he  found  that  in  1831, 
it  contained  62,403  families,  exceeding  by  13,000  the  number  in 
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Manchester  and  Salford,  while  the  deaths  from  consumption  were 
less  by  upwards  of  250,  being  only  1,201  in  1839.  Were  the  in- 
quiry to  rest  here,  an  inference  would  almost  inevitably  be  drawn, 
tJiat  the  appalling  statements  as  to  the  undue  prevalence  of  scro- 
fula and  consumption  were  strikingly  corroborated,  and  factory 
labour  would  be  referred  to  as  the  cause  of  these  things.  It  ought, 
however,  never  to  be  overlooked,  that  in  large  towns,  a  variety  of 
causes,  from  which  rural  districts  were  exempt,  were  continually  in 
operation,  such  as  a  cl6se  atmosphere,  confined  dwellings,  cellar  re* 
sidences,  irregularity  of  employment,  and  extreme  variations  in  the 
rate  of  wages  ;  all  which  circumstances  considerably  increased  the 
general  mortality,  rather  than  that  from  consumption  in  particular. 
For  the  total  number  of  deaths  in  Essex  was  6,009  less  than  in 
Manchester  and  Salford,  and  the  cases  of  consumption  were  1  for 
every  52  families  ;  from  which  statement  it  appeared,  that  in  rela- 
tion to  the  number  of  deaths  from  all  causes,  those  from  consump- 
tion were  actually  fewer  in  this  manufacturing  district,  being  in 
Essex  as  4  in  21,  while  here  they  were  as  3  in  19.  Comparing  it 
with  another  rural  district,  Cambridgeshire,  Huntingdonshire,  and 
t^e  southern  part  of  Lincolnshire,  comprising  167,000  families,  he 
found  there  that  the  deaths  from  all  causes  were  7,306  in  one  year, 
and  those  from  consumption  alone  1,308,  or  1  in  every  5;  show- 
ing, as  in  the  case  of  Essex,  in  comparison  with  this  district,  a 
greatly  reduced  rate  of  mortality  in  general,  but  not  quite  a  cor- 
responding low  rate  of  deaths  from  consumption.  But  in  estimat- 
ing the  condition  of  Manchester  and  Salford  as  to  the  extent  to 
which  consumption  prevailed,  the  object  being  to  ascertain  whe- 
ther factory  labour  was  prejudicial,  it  was  better  to  institute  a 
comparison  between  these  towns,  and  others  similarly  situated, 
except  as  to  factory  labour.  For  this  purpose  he  had  taken  Li- 
verpool and  West  Derby,  a  district  much  like  our  own  in  extent  and 
the  general  character  of  its  inhabitants ;  and  subject  also  to  com- 
mercial fluctuations,  but  free  from  the  evils,  real  or  supposed,  of 
^tory  labour.  In  1831  there  were  43,026  families  in  Liverpool 
and  West  Derby,  being  6,000  below  those  of  Manchester  and  Sal- 
ford ;  in  1839  tiiere  were  9,181  deaths,  approaching  those  in  Man- 
chester and  Salford  within  42,  while  the  deaths  from  consumption 
were  1,762,  or  300  in  excess  of  those  with  us,  notwithstanding  our 
greater  population.  At  this  rate  2  deaths  from  consumption  an- 
nually occurred  in  Liverpool  in  every  49  families,  and  the  same 
number  here  in  every  68.  The  deaths  from  consumption  in  Liver- 
pool, as  compared  with  those  from  all  causes,  were  4  in  21,  while  in 
Manchester  they  were  only  3  in:  19.  Birmingham,  another  lai^e 
town  exempt  from  factory  operations,  might  be  drawn  into  compa- 
rison. By  the  census  of  1831,  it  contained  23,934  families ;  in 
1839,  the  registered  deaths  were  3,638,  and  those  from  consump- 
tion 668.  These  numbers  furnished  somewhat  more  favourable 
evidence  of  the  value  of  life,  and  the  exemption  from  consumption. 
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than  those  of  Manchester,  but  only  to  a  slight  extent ;  there  being 

I  death  from  consumption  in  every  36  families,  and   2  in  every 

I I  of  the  whole  registered  deaths.  The  metropolis  furnished  a  stijl 
smaller  proportion  of  deaths  from  consumption,  being  2  for  every 
105  families,  and  3  in  every  19  of  the  deaths  from  all  causes :  the 
same  rate  as  in  Manchester.  Therefore,  as  compared  with  other 
localities,  Manchester  and  Salford  seemed,  on  tiie  whole,  rather 
more  exempt  from  this  disease  than  some  other  places ;  decidedly 
more  so  than  Liverpool,  but  in  comparison  with  the  agricultural  dis- 
tricts and  the  metropolis,  more  subject  to  it.  It  was  a  remarkable 
fact,  however,  that  die  metropolis  excepted,  Manchester  had  fewer 
deaths  from  consumption,  compared  with  the  whole  number  of 
deaths,  than  any  other  place.  Thus  here,  as  in  other  instances,  the 
facts  led  to  a  conclusion  different  from  that  arising  from  vague  and 
popular  impression.  It  might,  however,  be  supposed,  that  in  the 
deaths  occurring  &om  consumption,  the  factory  cases  furnished  an 
undue  preponderance.  To  ascertain  this  he  had  consulted  the  death 
registries  of  1838—  39 — 40,  and  had  taken  therefrom  the  age  and 
attested  occupation  of  all  parties  registered  as  dying  of  consumption 
or  decline  between  the  ages  of  15  and  40,  in  the  township  of  Man* 
cheater,  which  comprised  a  fair  share  of  the  factory  population,  and 
furnished  a  fair  type  of  the  whole.  He  had  confined  himself  to  the 
ages  between  15  and  40,  as  most  likely  to  exclude  errors  from  im- 
proper entries  of  the  cause  of  death.  The  township  of  Manchester, 
with  a  population  of  160,000,  and  an  annual  average  of  6,000 
deaths,  afforded  1,141  registered  deaths  of  consumption  in  tiiose 
three  years.  Of  these,  174  were  individuals  working  in  factories, 
590  persons  of  various  occupations,  and  377  without  any  attested 
employment,  chiefly  wives  and  children  not  attached  to  any  parti- 
ctdar  pursuit.  Of  the  1 74  inmates  of  factories,  there  were  45  spin- 
ners, 49  winders,  28  piecers,  15  reelers,  carders  and  frame  tenters 
11  each,  10  were  stated  to  work  in  factories  without  mentioning  the 
precise  occupation,  and  of  the  remainder,  doublers,  stretchers, 
beaters,  &c.,  none  exceeded  5  separately  .  He  had  excluded  from 
this  calculation  weavers,  and  had  included  other  designations  which 
were  somewhat  ambiguous  as  to  whether  the  parties  were  employed 
in  Victories  or  not.  It  was  not  necessary  to  know  the  ratio 
of  the  factory  population  between  15  and  40  to  the  entire  in- 
habitants ;  the  rate  of  mortality  from  all  causes  in  the  two  classes, 
and  the  rate  of  mortality  from  consumption  authenticated  by  medi- 
cal certificate ;  but  in  the  absence  of  these  materials  some  approxi- 
mation to  the  real  state  of  the  case  might  be  formed.  Considerably 
below  one  sixth  of  the  1,141  dying  from  consumption,  namely,  174, 
were,  during  their  lives,  engaged  in  factory  labour ;  and  he  did  not 
think  it  too  much  to  say  that  of  the  whole  of  the  inhabitants  between 
15  and  40,  not  much  less  than  one-sixth  were  employed  in  facto- 
ries. If  so,  no  confirmation  was  given  to  the  supposition  that  con- 
sumption was  unduly  prevalent  amongst  the  factory  population.     It 
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might  be  assumed,  however,  that  factory  labour  wasted  the  energies, 
and  induced  a  variety  of  diseases.  If  so,  such  mortality  would  be 
more  manifested  in  Uie  cases  of  decline.  He  had  classified  the  ages 
of  the  1,141  in  periods  of  five  years,  and  found  that  there  had  died 
between  15  and  20,  195  ;  between  20  and  25,  243 ;  between  25  and 
30,  260 ;  between  30  and  35,  223  ;  and  between  35  and  40,  220. 
On  comparing  these  numbers  with  those  exhibited  by  the  general 
statistics  of  consumption,  given  in  Sir  James  Clarke's  tables,  he 
found  a  remarkable  concordance.  The  general  conclusion  resulting 
from  the  above  facts  would  certainly  appear  to  be  that  manufitctures 
exerted  no  unusual  agency  in  the  production  or  premature 
developement  of  pulmonary  consumption,  in  opposition  to  the 
generd  opinion,  both  by  intelligent  persons  and  others ;  for,  it 
appeared  from  the  mortuary  statistics  of  this  metropolis  of  manufac- 
tures, that  it  was  less  liable  to  consumption  than  Liverpool,  and  the 
relative  numbers  had  scarcely  differed  from  those  of  Birmingham, 
whilst  with  the  metropolis  we  contrasted  less  favourably ;  and  though 
we  were  in  excess  above  the  agricultural  districts,  this  appeared  to 
be  the  effect  of  other  circumstances  rather  than  of  the  existence  of 
manufactures. — The  thanks  of  the  section  having  been  voted  to  Mr. 
Noble,  Dr.  Arrowsmith  said  he  had  no  doubt  of  the  correctness  of 
the  data.  He  believed  that  where  regularity  of  life  prevailed,  it 
was  more  conducive  to  health  than  otherwise.  At  the  same  time  it 
must  be  borne  in  mind  that  the  present  method  of  keeping  registers 
lead  to  great  errors  as  to  the  causes  of  disease  ;  and  he  suggested  a 
method  for  its  improvement  by  having  medical  certificates  as  to  the 
cause  of  death. — Col.  Sykes  observed,  that  the  general  rate  of  mor- 
tality in  Manchester,  which  appeared  by  these  documents  to  be 
about  1  in  25,  showed  that  factory  employment  was  less  healthy 
than  some  others,  rural  employment,  for  instance.  Though  the  pro- 
portion of  deaths  from  consumption,  and  those  from  all  causes,  were 
the  same  in  London  and  Manchester,  yet  the  average  rate  of  mor- 
tality in  London  was  only  1  in  37. — ^Mr.  Noble  said  the  rate  of 
infant  mortality  was  very  great  in  Manchester,  nearly  half  the  deaths 
being  of  this  kind. — The  Chairman  mentioned  some  circumstances  as 
tending  to  explain  the  apparent  low  rate  of  mortality  in  London. — 
A  gentleman,  whose  name  we  did  not  learn,  pointed  out  a  remark- 
able coincidence,  that  the  rate  of  mortality  in  Manchester  exceeded 
that  of  London,  by  about  the  same  rate  as  that  of  Glasgow  exceeded 
Edinburgh. 

SECTION  O. MECHANICAL  SECTION. 

Professor  Willis  took  the  chair  in  this  section,  supported  by  Sir 
John  Robinson,  Sir  Mark  Brunei,  Mr.  VignoUes,  and  several  gen- 
tlemen resident  in  the  neighbourhood.  After  briefiy  opening  the 
proceedings,  and  detailing  die  business  for  the  day,  die  Chairman 
announced  that  the  following  day  would  be  devoted  to  papers  and 
discussions  on  the  prevention  of  smoke,  and  the  fusing  of  metals  ; 
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Saturday  to  ships  and  steam  engines ;  Monday  to  subjects  connected 
with  railways ;  and  the  subsequent  days  to  such  miscellaneous  subjects 
as  might  arise,  or  to  such  of  the  previous  topics  as  might  not  have 
been  exhausted  on  the  days  specially  appropriated  for  their  consi- 
deration. The  Chairman  then  called  on  Mr.  Yignolles  to  read  a  re- 
port of  the  committee  on  railway  sections. 

Mr.  Yignolles  proceeded  to  read  the  report,  which  stated,  in  sub- 
stance, that,  at  the  Glasgow  meeting,  on  the  joint  application  of  the 
mechanical  and  geological  sections,  a  grant  of  £200  had  been  made 
for  the  purpose  of  obtaining  profiles  of  the  different  railways  con- 
structed throughout  the  country,  before  the  slopes  of  the  excavations 
became  soiled  over,  or  covered  with  vegetation,  with  the  view  of  put- 
ting on  record  the  strata  and  the  geological  appearances  developed 
by  the  extensive  operations  of  modem  engineering  over  so  large  a 
portion  of  the  island.  Of  this  grant,  which  was  renewed  at  the 
Devonport  meeting  last  year,  the  whole  amount  had  been  expended; 
and  the  results  were  then  before  the  sections,  originating  the  subject 
in  the  shape  of  numerous  working  plans  and  sections  of  several  of 
the  railways  in  this  neighbourhood.  The  committee  had  received 
the  most  effectual  and  willing  assistance  from  the  officers  of  the  dif- 
ferent companies,  and  especially  from  the  engineers ;  and  the  commit- 
tee could  not  refrain  from  particularly  mentioning  Mr.  Swanwick,  the 
engineer  of  the  North  Midland  Railway,  who,  as  &e  works  of  that  line 
proceeded,  had  carefully  marked  on  his  working  plans  all  the  geologi- 
cal details  of  the  cuttings,  passing  through  a  most  interesting  re- 
gion,— ^presenting  an  example  of  the  combination  of  engineering  and 
geological  information  well  worthy  of  imitation  by  other  engineers. 
The  committee  had  found,  after  some  experience  in  working  the 
grant  entrusted  to  them,  that,  with  £he  facilities  which  were  afford- 
ed to  them  by  the  different  railway  companies^  they  might,  without 
increasing  the  expense,  be  able  to  form  an  interesting  and  valuable 
collection,  not  only  of  sections  of  the  excavations,  but  of  the  plans 
and  sections  of  the  different  railways ;  which,  when  concentrated  into 
a  public  depository,  accessible  to  all  literary  and  scientific  men, 
would  be  found  exceedingly  interesting.  Indeed,  it  might  be  hoped, 
that  the  subject  would  eventually  be  taken  up  by  government,  and 
the  information  thus  collected  made  to  form  part  of  the  geological  sur- 
vey of  the  country,  in  connection  with  the  trigonometrical  survey  now 
carrying  on  by  Col.  Colby.  The  committee,  therefore,  hoped  that 
the  two  sections  would  apply  to  the  general  committee  for  a  further 
grant,  to  enable  them  to  complete  the  organization  they  had  begun. 
The  documents  which  the  committee  had  to  submit,  as  the  fruits  of 
their  labours,  were : — 1.  Plans  and  sections  of  the  North  Midland 
Railway,  from  Derby  to  Leeds,  about  72  miles,  with  the  whole  of 
the  geological  details  laid  down  on  the  section  of  the  cuttings. — 2. 
Plans  and  sections  of  the  whole  of  the  Midland  Counties  Railway, 
about  68  miles. — 3.  Plans  and  sections  of  the  Manchester  and  Leeds 
Railway,  from  Manchester  to  Normanton  (not  yet  quite  fiinished), 
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with  considerable  portions  of  the  geological  details  filled  up.- 
Enlarged  sections  of  the  Glasgow,  Paisley,  and  Greenock  Railway, 
with  the  geological  details. — 5.  Enlarged  sections  of  the  Manches- 
ter and  Bolton  Railway,  with  full  details  of  the  strata  where  the 
extraordinary  fossil  trees  were  found  ;  and  of  the  trees  themselves 
(models  of  which  are  in  the  exhibition-room  at  the  Royal  Institu- 
tion, Mosley  Street). — 6.  Enlarged  sections  of  the  Hull  and  Selby 
Railway,  with  the  geological  details.  The  sections  already  received 
comprised  between  two  and  three  hundred  miles  of  railway  ;  and 
some  others  were  stated  to  be  preparing,  but  they  had  not  come  to 
hand.  All  these  records,  according  to  die  directions  of  the  Associa- 
tion, were  to  be  placed  in  the  Museum  of  Economic  Geology  in 
London,  where  they  may  at  all  times  be  usefully  referred  to.  The 
report  concluded  with  some  striking  and  just  remarks  on  the  value 
and  importance  of  the  information  thus  collected,  to  the  philosopher, 
the  geologist,  or  the  engineer. — ^Thanks  having  been  voted  to  Mr. 
YignoUes,  for  the  report,  Mr.  Bateman  said  that  Mr  Binney,  of  this 
town,  was  now  engaged  in  ascertaining  the  geological  details  of  the 
Liverpool  and  Manchester  Railway,  one  of  &e  cuttings  of  which  ex- 
hibited the  coal  measures  breaking  through  the  new  red  sandstone, 
presenting  some  very  striking  appearances,  which,  though  the  rail- 
way has  been  opened  about  twelve  years,  had  been  unaccountably 
neglected.  If  the  strata  had  not  been  of  a  very  sterile  character,  the 
appearances  now  presented  would  in  aU  probabDity  have  been  oblite- 
rated by  vegetation. — ^Mr.  YignoUes  said  he  was  glad  to  find,  that 
other  parties  were  engaged  in  the  same  pursuit  as  the  conunittee ; 
and  he  hoped  that  Mr.  Binney  would  lay  down  his  sections  on  the 
same  scale  as  those  adopted  by  the  committee  ; — a  scale  of  40  feet  to 
to  an  inch  both  yertically  and  horizontally ;  for  which  purpose  the 
committee  would  be  glad  to  furnish  him  with  ruled  paper  that 
would  greatly  facilitate  his  labour.  The  Chairman  said  it  certainly 
was  highly  desirable  that  all  the  sections  should  be  on  the  same  scale. 
Self -acting  Wears  on  Rivers, — Mr.  J.  F.  Bateman,  civil  engineer, 
read  an  interesting  paper  on  a  new  contrivance  which  had  never  yet 
been  put  in  operation,  and  which  he  illustrated  by  a  model,  for 
avoiding  the  accidents  and  objections  to  which  the  wears  at  present 
in  common  use  on  rivers  subject  to  floods  or  strong  currents  were 
liable.  Mr.  Bateman  explained  at  some  length  the  objections  to 
which  the  present  wears  were  open,  the  most  formidable  of  which 
we  understood  to  be  the  sUting  up  of  them,  owing  to  the  want  of 
means  for  cleansing  away  the  dirt  brought  down  by  the  stream,  and 
the  liability  of  them  to  break  down  by  die  rising  of  the  water.  The 
plan  he  proposed  is  one  by  which  two  gates,  hanging  verticaUy 
across  the  river,  the  one  above  the  other,  the  upper  one  overlapping 
the  under  one  slightly,  and  keeping  it  in  its  position  till  the  water 
attains  a  certain  height,  are  made  to  act  of  tiiemselves  ;  the  upper 
one  as  the  water  rises  yielding  to  the  pressure  so  as  to  open  the 
lower  one.     By  this  means  free  vent  is  given  for  the  stream  to  pass 
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under  as  well  as  over  the  wear,  carrying  with  it,  of  course,  the  silt, 
which  would  otherwise  accumulate  in  the  bed  of  the  river.  The 
paper  gave  rise  to  a  short  discussion,  in  the  course  of  which  Sir  M. 
I.  Brunei,  F.R.S.,  and  Mr.  Fairbairn,  civil  engineer,  expressed 
their  approbation  of  the  principle,  and  the  former  thought  it  highly 
worthy  of  a  trial. 

Ventilation   of  Dwelling- Houses   and   Public   Buildings.  —  Mr. 
Andrew  Liddell,  of  Glasgow,  read  a  paper  on  a  mode  of  ventilation 
adopted  under  the  direction  of  Mr.  Fleming,  a  surgeon,  of  Glasgow, 
in  different  public  and  private  buildings,  in  and  near  that  city  ;  one 
of  them  a  large  building,  four  stories  high  and  occupied  by  a  con- 
siderable number  of  tlie  poorest  families.     This  mode  of  ventilation, 
which  consisted  in  drawing  of  the  foul  air  from  each  room  by  a  pipe 
leading  to  the  chimney  of  a  steam  engine,  had  been  attended  with 
the  most  beneficial  results  as  regarded  the  health  of  the  inmates,  and 
paticurlarly  by  a  great  diminution  in  the  mumber  of  fever  cases.    A 
similar  plan  has  also  been  applied,  with  the  best  results,  to  the  cabins 
of  the  Princess  Royal  steamer,  which  plies  between  Glasgow'and  Liver- 
pool.— Sir  John  Robinson  observed,  that  it  was  highly  satisfactory 
to  find  sound  principles  in  regard  to  ventilation,  making  their  way 
amongst  the  people  of  this  country  ;  but  it  was  at  the  same  time  to 
be  regretted,  that  inefiective  plans  should  be  resorted  to,  when  the 
very  best  plans  had  been  many  years  before  the  public.  The  mode  of 
ventilating  the  Derby  Infirmary,  devised  by  Mr.  Strutt,  and  publish- 
ed by  Mr.  Silvester  more  than  twenty  years  ago,  had  exhausted  the 
subject  of  ventillation  ;  and  since  that  time  nothing  new  had  been 
invented,  nor  had  any  real  improvement  upon  Mr.  Strutt's  plans  been 
devised  by  anybody. 

On  Fractures  of  the  Axles  of  Locomotive  Engines, — Mr.  Vignolles 
read  a  paper,  the  object  of  which,  he  stated  was  to  fix  the  attention 
of  the  scientific  engineers  and  manufacturers  of  Manchester  on  cer- 
tain circumstances  connected  vidth  the  late  frightful  accident  on  the 
Pans  and  Versailles  Railway,  originally  caused  by  the  breaking  of 
one  of  the  axles  of  an  engine.     After  some  remarks  on  the  identity 
of  the  circumstances  under  which  the  accidents  had  occurred  on  the 
Paris  and  Versailles,  and  the  Brighton  lines,  glancing  at  the  much 
disputed  question  of  the  relative  merits  of  four  and  six-wheeled  en- 
gines, and  pointing  out  the  precautions  which  should  be  adopted  in 
forging  axles  for  railway  engines  and  carriages,  the  paper  stated 
that  some  of  the  French  engineers  had  suggested  that  ihe  source  of 
the  often  unexplained  breaking  of  axles  on  railways  must  be  looked 
for  in  another  quarter  than  the  mere  quality  of  the  iron  of  which 
they  were  composed,  or  the  care  which  had  been  bestowed  upon 
its  fabrication.     M.   Fran9ois  and  Colonel  Aubert,  who  had  both 
read  papers  at  the  Royal  Academy  of  Paris,  on  the  subject  of  the 
late  accident,  attributed  the  fracture  of  the  axle  to  the  iron  having 
become  crystallized  by  the  heat  or  magnetism,  arising  from  the 
severe  strains  and  blows  to  which  it  was  exposed.     In  support  of 
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this  opinion,  they  stated  that  the  axle  was  formed  of  the  very  best 
iron,  and  was  of  sufficient  dimensions ;  but  that  the  fracture  exhi- 
bited a  decidedly    crystalline    appearance.      M.    Fran9ois  stated 
in  his  paper,  that  he  had  made  a  long  continued  series  of  experi- 
ments, and  had  observed  that  a  magnetic  action  on  iron,  in  a  state 
of  fusion,  Would  produce  similar  effects,  and  change  the  small  and 
closely  adhering  particles  into  coarse  and  large  crystals,  depriving 
the  iron  of  its  compact  character.     He  therefore  inferred,  that  the 
action  of  heat  or  of  percussion  on  the  axles  of  railway  engines, 
when  moving  at  high  velocities,  might  produce  a  magnetic  action 
which  would  be  attended  with  the  same  results.     Both  M.  Fran9ois 
and  Colonel  Aubert,  seemed  to  be  of  opinion,  that  the  only  effective 
precaution  was  to  change  the  axles  of  locomotive  engines  so  fre- 
quently as  not  to  give  them  time  to  undergo  this  crystalline  change. 
In  seeming  corroboration  of  the  opinions  of  these  distinguished 
French  engineers,  Mr.  Fairbairn  had  stated  to  him  (Mr.  Vignolles) 
that  cold  ^waging  of  hammered  iron  would  cause  it  to  assume  a  crys- 
talline form  ;  and,  if  so,  the  shocks  which  the  axles  receive  during 
rapid  transit,  might  easily  operate  in  producing  this  remarkable 
change  of  texture.     Although  this  reference  to  the  supposed  change 
in  texture  of  iron  constituted,  in  our  judgment,  the  most  interesting 
portion  of  the  paper,  it  contained,  as  we  have  already  intimated,  a 
number  of  other  points  of  considerable   importance.      This  paper 
gave  rise  to  a  long,  animated,  and  most  interesting  discussion,  but 
of  a  character  so  diversified  and  desultory  as  to  forbid  any  attempt 
at  a  detailed  or  consecutive  report.     We  shall,  therefore,  omit  such 
portions  of  it  as  related  to  the  comparative  merits  of  cranked  and 
straight  driving  axles,  and  of  four  and  six-wheeled  engines,  and 
confine  ourselves  to  an  abridgment  of  what  was  said  on  the  impor- 
tant point  suggested  by  the  papers  of  the  French  engineers.     On 
this  point  Sir  Mark  Brunei  said,  that  he  had  been  involved  in  a  rail- 
way accident  at  Rugby,  in  which  two  or  three  axles  were  broken, 
and  he  had  observed  that  the  fractures  exhibited  a  crystalline  ap- 
pearance, more  like  that  of  cast  than  of  wrought  iron. — Mr.  Hodg- 
kinson  said  that  some  of  his  experiments  on  cast  iron  tended  to  show 
that  a  force  which  would  produce  a  very  slight  deflection  in  a  long 
bar,  would  to  some  extent  impair  its  elasticity,  and  prevent  it  from 
resuming  its  former  shape,  which  seemed  to  show  that  there  was 
some  change  in  its  internal  structure.     His  experiments  were  cer- 
tainly made  upon  cast  iron ;  but  he  had  reason  to  believe  that  the 
same  results  would  be  experienced  with  respect  to  wrought  iron. — 
Mr.  Fairbairn  observed,  Uiat  it  was  a  fact  well  known,  &at  if  iron 
bars  were  swaged  below  a  blood-red  heat,  the  iron  would  become 
crystalline,  however  fibrous  and  ductile  it  might  previously  have 
been. — Mr.  Hawkins  said  that  at  a  recent  meeting  of  the  Society  of 
Civil  Engineers,  a  very  interesting  paper  had  been  read  on  this  sub- 
ject, and  numerous  speecimns  of  fractured  iron  had  been  exhibited, 
which,  though  undoubtedly  fibrous  originally,  had  become  decidedly 
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crystalline  by  use. — Sir  M.  Brunei  observed,  that  any  one  who  con- 
aiders  the  ordinary  motion  of  a  railway  engine  or  carnage,  at  a  high 
rate  of  yelocity,  would  see  that  the  axle  must  receive  an  immense 
number  of  blows  like  blows  upon  an  anvil,  and  which  would  proba- 
bly have  the  same  effect  upon  the  texture  of  the  iron. — Mr.  Jere- 
miah Garnet  said  it  was  well  known  that  violent  hammering  or  fric- 
tion rendered  iron  magnetic,  causing  it  to  attract  iron  filings  very 
freely  ;  and  it  would  probably  be  found  that  in  all  such  cases  there 
was  some  change  in  its  molecular  arrangement,  similar  to  that  des- 
cribed in  railway  axles. — Mr.  James  Nasmyth  confirmed  Mr.  Fair- 
bairn's  statement,  as  to  the  injurious  effects  of  swaging  or  hammer- 
ing iron  when  nearly  cold;  and  suggested  that  the  only  safe 
course  was  to  have  all  axles  annealed  after  forging,  by  which  the  in- 
jurious effects  of  injudicious  workmanship  would  be  entirely  got  rid 
of. — The  Chairman  enquired  whether  Mr.  Nasmyth  supposed  that 
annealing  would  remove  the  crystalline  texture  resulting  from  use, 
and  restore  the  fibrous  texture  of  the  iron. — Mr.  Nasmyth  said  he 
had  no  doubt  it  would  have  that  effect.  He  then  made  some  very 
interesting  observations  on  the  absence  of  oxidation  from  those  iron 
rails  of  railways  on  which  the  traffic  was  only  in  one  direction,  and 
observed  that  on  the  Blackwall  line,  where  the  trains  travelled  back- 
ward and  forward  on  the  same  line,  the  extent  of  oxidation  was  very 
striking. — ^After  some  further  discussion,  in  which  Sir  John  Robin- 
son, Mr.  Grantham,  Mr.  Lucas,  Mr.  Burdekin,  and  several  other 
gentlemen  took  part,  there  was  a  pretty  unanimous  expression  of 
opinion,  that  the  subject  was  one  well  deserving  investigation ;  and 
that  the  fimds  of  the  British  Association  could  not  be  better  em- 
ployed than  in  defraying  the  expense  of  a  series  of  experiments  on 
a  point  so  interesting  to  scientific  men,  and  so  important  to  the 
public ;  and  Mr.  Vignolles  expressed  a  hope  that  next  Monday 
would  not  be  permitted  to  pass  over  without  a  motion  for  a  grant 
for  that  purpose.  At  the  conclusion  of  this  discussion,  the  Chair- 
man said  he  thought  it  would  be  quite  useless  to  attempt  to  fix  the 
attention  of  the  section  on  any  other  subject,  and  he  therefore  pro- 
posed to  adjourn  to  the  following  day ;  which  was  acceded  to,  and 
the  section  broke  up. 

THE    FIRST   GENERAL   MEETING    OF    THE    ASSOCIATION. 

As  was  previously  announced,  this  the  first  general  assemblage  of 
the  members  of  the  association  at  their  twelfQi  meeting  took  place 
on  Thursday  evening  last,  in  the  spacious  meeting-house  of  the  So- 
ciety of  Friends,  Mount-street,  which,  it  is  said,  will  contain  about 
2,000  persons.  It  was  considerably  more  than  half-filled,  and  a 
very  great  number  of  ladies  were  present.  The  assembly  was  in- 
de^  in  every  respect  a  most  brilliant  one,  and  the  greatest  interest 
appeared  to  prevail  throughout  the  proceedings,  notwithstanding  the 
period  of  time  which  they  occupied,  and  the  comparatively  late  hour 
of  the  evening  at  which  they  commenced. 
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On  the  "  preacher's  gallery "  were  the  presidents,  retiring  and 
elect,  Roderick  Impey  Murchison,  Esq.,  and  Lord  Francis  Egerton, 
M.P.,  the  Marquis  of  Northampton,  Sir  David  Brewster,  Sir  John 
Herschel,  Rev.  Professor  Whewell,  General  Sir  Thomas  Brisbane, 
Sir  J.  Robinson,  Colonel  Sabine,  the  Rev.  Dr.  Peacock,  Dean  of 
Ely ;  the  Rev.  JProfessor  Powell,  Professor  Willis,  Dr.  Dalton,  Dr. 
Turner,  Sir  H.  T.  de  la  Beche,  the  Hon.  and  Very  Rev.  Dr.  Her- 
bert, Dean  of  Manchester ;  the  Rev.  Richard  Parkinson,  B.D.,  Ca- 
non of  Manchester  ;  Colonel  Sykes,  the  Rev.  William  Vernon  Har- 
court.  Sir  William  Jardine,  John  Scott  Russell,  Esq. ;  Professor 
Sedgwick,  Sir  Charles  Lemon,  Dr.  Richardson,  Sir  M.  I.  Brunei, 
Sir  Oswald  Mosley,  Henry  Hallam,  Esq.,  F.R.S. ;  George  William 
Wood,  Esq.,  M.P. ;  Rev.  Dr.  Halley,  Colonel  Wemyss,  Mr.  Grif- 
fiths, Surveyor  General  of  Ireland  ;  Colonel  Pringle,  R.E.;  George 
Webbe  Hall,  Esq. ;  R.  D.  Davenport,  Esq.,  oi  Capesthorne ;  John 
Taylor,  Esq.,  Treasurer  of  the  Association ;  Professor  Phillips,  Ge- 
neral Assistant  Secretary  ;  &c.  The  seats  immediately  in  front  of 
and  below  the  gallery  were  reserved  for  the  committee  of  the  asso- 
ciation. 

At  twenty  minutes  past  eight  o'clock,  the  retiring  president  of 
the  association,  the  Rev.  Professor  Whewell,  F.R.S.,  &c.,  took  the 
chair,  amidst  great  applause;  and  proceeded  to  open  the  business 
of  the  meeting.  He  said  it  was  not  necessary  that  he  should  an- 
nounce to  any  one  present,  that  this  was  the  twelfth  meeting  of  the 
British  Association,  or  that  this  was  the  first  day  of  that  meeting ; 
on  which,  according  to  tlie  custom  observed  on  former  occasions, 
it  was  the  rule  that  the  president  and  the  other  officers  of  the  asso- 
ciation should  appear  before  the  assembled  members.  His  position 
here  was  that  of  an  individual  who  held  the  high  office  of  president; 
but  his  business  in  that  capacity  was  very  brief:  it  was  merely 
that  of  surrendering  the  cares  and  duties  of  his  office  i  Ato  the  hands 
of  his  successor.  It  might  perhaps  appear  an  anomaly  to  some, 
that  he  should  continue,  not  only  to  act  as  chairman,  after  the 
appointment  of  his  successor,  but  even  after  the  business  of  the  pre- 
sent meeting  of  the  association  had  begun ;  tliose,  however,  who 
knew  anything  of  the  mode  in  which  their  proceedings  had  been 
conducted  on  former  occasions  would  be  aware  of  the  circum- 
stances which  led  to  that  arrangement.  On  the  first  day  of  their 
assembling,  many  members  from  a  distance  did  not  arrive  early  in 
the  day,  so  that  the  general  meeting  could  not  be  held  till  the  even- 
ing ;  yet  as  it  was  not  deemed  advisable  to  lose  a  day  in  waiting 
for  the  arrival  of  all  the  members,  the  various  sections  were  accus- 
tomed to  meet  for  the  transaction  of  business ;  and  he  had  much 
pleasure  in  announcing  that  the  whole  of  the  various  sections  had 
already  been  most  actively  engaged,  and  that  they  had  got  through 
a  great  deal  of  business.  His  duty  now,  however,  was  very  brief 
and  simple.  It  was  merely  to  hand  to  bis  successor  the  torch  of 
knowledge ;  which  you  commit  to  us  (said  the  chairman),  which  we 
hand  to  one  another,  and  which  derives  all  its  powers  of  illumination 
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from  your  exertions  and  your  talents.  I  have  often  thought,  in  see- 
iQ<r  this  office  transmitted  in  this  manner,  from  one  to  another,  in 
having  unexpectedly  received  it  myself,  and  in  now  transmitting  it 
to  my  suoce-isor,  I  might  say,  in  the  words  of  the  poet — 

'*  Et  quasi  cursores  vital  lampada  tradant," 
which  I  mav  alter  to 

*^  Et  qaasi  cnrsores  mnsaram  lampada  tradnnt," 

which,  if  you  will  allow  roe  to  offer  a  translation,  as  ladies  are  pre- 
sent, I  would  say  — 

^^  As  in  the  torch- light  of  the  Grecian  youth, 

We  pan  from  hand  to  hand  the  lamp  of  traUi." — (Applause). 

As  he  had  now  filled  all  the  various  offices  of  the  association,  it  was 
impossible  that  he  should  not  look  with  no  small  degree  of  interest 
to  its  future  fortunes.     It  was  impossible  that  he  sould  not  feel  some 
anxiety  in  glancing  into  its  future^  that  ke  should  not  wish  to  know 
in  what  respect  it  might  resemble  or  might  differ  from  the  past. 
During  the  period  which  had  elapsed  since  the  formation  of  the 
British  Association,  it  had  successively  visited  York,  Oxford,  Dub- 
lin, Cambridge,  Edinburgh,  Bristol,  Liverpool,  Newcastle,  Birming- 
ham,   Glasgow,    Plymouth — great  cities,   powerful    and    opulent, 
among  the  greatest  in  the  empire — and  it  is  now  held  in  Manches- 
ter, inferior  in  these  respects,  we  might  say,  to  none.     (Applause). 
In  this  manner,  the  British  Association  had  gone  through  a  great 
number  of  the  most  prominent  and  distinguished  towns  in  the  em- 
pire ;  and  as  long  as  the  association  came  to  such  places,  its  mem- 
bers were  sure  to  find  persons  who  would  share  in  and  take  an  in- 
terest in  their  labours.     An  abundant  number  of  persons  would  be 
found  ready  to  engage  in  those  laborious  offices  which  were  neces- 
sarily connected  with  the  preparations  for  the  reception  of  the  as- 
sociation, and  the  rendering  of  their  proceedings  agreeable  and  use- 
ful.   And  when  the  association  left  this  town  for  another,  they  would 
go  with  a  fleeting  which  he  ventured  to  express,  on  dissolving  the 
last  meeting  at  Plymouth,  "  To-morrow  to  fresh  fields,  and  pastures 
new."     But  the  number  of  towns  so  circumstanced  in  ihe  empire 
was  limited;  and  if  they  looked  forward  to  the  time  when  such  pas- 
tures began  to  fail  —  when  there  were  no  opulent  cities  able  thus  to 
receive  us,  which  were  not  visited  before,  the  association  were  na- 
turally led  to  enquire  what  was  the  course  it  should  then  take.     It 
appeared  to  him,  that  there  were  three  courses  open  to  them.     After 
visiting  all  the  great  towns,  the  association  might  then  go  to  towns 
of  a  smaller  size,  which  roiuht  derive  their  power  of  receiving:  them 
not  only  from  themselves,  but  from  those  districts  which  they  re- 
presented; or  the  association  might  return  to  those  towns  in  which 
they  had  already  held  their  meetings ;  or  it  might  be  found  conve- 
nient to  suspend  the  proceedings  of  the  association,  and  look  forward 
to  some  future  course.     He  wished  it  to  be  understood,  that  in  mak- 
ing these  observations,  he  spoke  as  an  individual,  and  without  the 
sanction  of  any  official  persons.     He  trusted  that  his  views,  thus 
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briefly  expressed,  would  be  accepted  as  an  evideDce  of  the  strong 
feeling  and  anxiety  he  had  with  regard  to  the  future  prospects  of  the 
society.     (Cheers).     In  following  out  their  original  intentions*  of 
course  the  society  would  continue  to  visit  new  places  as  long  a&  pos- 
sible, and  thus  to  make  known  to  others  the  merits  and  labours  of 
scientific  men  in  the  provinces,  who  had  previously  been  in  compara- 
tive obscurity.     No  doubt,  there  would  be  many  difficulties  in  the 
way,  but  they  would  all  be  overcome ;  the  modes  of  proceeding  of 
the  association  were  not  so  inflexible  as  not  to  admit  of  adaptions 
according  to  the  circumstances  of  the  place.     With  regard  to  their 
returning  to  places  where  they  had  already  been,  that  course  should 
be,  of  course,  delayed  as  long  as  possible.     Perhaps  in  this  respect, 
an  exception  might  be  made  of  that  city  which  might  be  looked 
upon  as  the  mother  of  the  society,  and  which  might  naturally  feel 
an  anxiety  at  no  distant  period  again  to  see  her  o&pring ;  after 
looking  on  it  with  all  a  parent's  natural  solicitude,  it  must  have  a 
desire  to  see  her  child,  who  had  been  so  well  received  in  every  part 
of  the  empire,  coming  back  full  of  life  and  vigour,  and  laden  with 
honours  to  gladden  her  eyes.     (Applause).    With  regard  to  the 
third  course :  the  having  the  activity  of  the  association  suspended 
for  a  time,  he  saw  no  evil  in  it     This  however  was  an  event  which 
would  not  arrive  for  many  years ;  and  the  more  remote  the  contin- 
gency was,  the  better  satisfied  should  he  and  all  the  friends  of  the 
association  be.    (Cheers).    The  association  had  accomplished  much 
of  what  it  had,  at  its  formation,  proposed  to  itself :  no   one  now 
could  say  that  Englishman  were  not  aware  of  the  state  of  science 
on  the  continent,  and  had  not  done  what  they  could  to  advance  sci- 
ence in  their  own  country.     But  that  was  no  reason  why  they  should 
not  go  eagerly  on ;  and  he  for  one  should  be  ever  ready  to  do  what 
ever  seemed  most  likely  to  carry  them  in  the  advance.     (Hear). 
It  was  with  peculiar  gratification  he  found  himself  called  back  on 
such  an  occasion  as  this  to  his  native  county  :  called  back  to  scenes 
within  sight  and  reach  of  those  who  were  endeared  to  him  by  all 
the  ties  of  childhood  :  to  be  brought  again  in  contact  with  friends 
some  of  them  the  most  cherished  he  possessed,  and  in  this  way  knitt- 
ing up  the  ties  of  childhood  in  the  maturer  period  of  his  life.     He 
also  came  here  with  peculiar  pleasure,  because  he  met  wkh  a  kind 
and  valued  friend  of  many  years :  a  man  who  belonged  not  to  one 
but  to  all  of  us,  by  ties  of  a  far  wider  and  more  exalted  kind.   It  was 
with  peculiar  pleasure  and  gratification  they  all  found  themselves 
gathered  around  that  exalted,  that  great  philosopher,  who  belonged 
peculiarly  to  Manchester,  but  whose  name  was  the  hij^hest  name  in 
chemistry  in  every  part  of  the  globe.    (Loud  applause).    He  (Mr. 
Whewell)  could  not  describe,  but  the  meeting  felt  for  themselves, 
the  pleasure  it  gave  him  to  see  his  venerated  head  appearing  in  our 
sectional  rooms,  bearing  about  him  a  halo  of  well  merited  honour 
and  reputation  as  wide  ai  the  world.    They  felt  in  the  veneration 
which  they  entertained,  and  which  they  knew  the  whole  world  enter- 
tained for  him,  a  pledge  of  the  dignity  and  the  purity  of  that  love  of 
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science,  and  veneration  for  science  which  brought  them  together. 
(Cheers).  Nothing  now  remained  for  him  (Mr.  Whewell)  but  to  re- 
sign his  cliairto  his  successor ;  and  he  hoped  he  might  be  allowed  to 
express  his  gratification  he  felt  in  resigning  the  sceptre  with  which  he 
had  been  invested  into  the  hands  of  one  so  accomplished,  and  so  well 
versed  in  literature  and  art:  one  in  whose  occupation  of  the  first 
seat  of  the  British  Association  for  the  advancement  of  science  they 
might  see  a  recognition  of  the  bond  that  binds  together  all  branches 
of  literatore,  and  departments  of  human  cultivation.  (Cheers).  He 
hoped  he  might  be  excused  for  recalling  to  the  recollection  of  his 
successor  a  portion  of  his  classical  studies : — 

^  Me  vero  primTim  dnlcis  ante  omnia  Mump, 
Qoaram  sacra  fero  ingenti  jocnlans  amore 
Accipiant  coBliqne  vias,  et  sidera  monstrent ;" 

which  I  may  translate  thus  : — 

*^  Him  who  has  loved  the  mnaes  well  and  long, 
And  won  their  smiles  in  fields  of  art  and  song, — 
Him  will  they  welcome  in  that  skyey  xone. 
Where  stars  and  worlds  no  less  their  empire  own." 

The  Rev.  Professor  sat  down  amidst  loud  applause. 

Lord  Francis  Egerton,  M.P.,  then,  amidst  considerable  applause, 
took  the  chair,  and  said  that  the  first  duty  he  had  to  perform  was  to 
call  u|K)n  the  general  treasurer  for  his  report. 

John  Taylor,  £sq.  the  treasurer  of  the  association,  stated,  that  the 
balance  in  hand  from  last  year's  accounts  was  £367  3s.  lOd. ;  life 
compositions  and  annual  subscriptions  at  the  meeting  at  Plymouth, 
£1,131  Is. ;  ladies'  tickets  there,  £261 ;  compositions  from  mem- 
bers for  the  delivery  of  future  volumes  of  the  reports,  £513  2s. ; 
half-year's  dividend  on  £6,000  in  three  per  cent,  consols,  £90 ;  pro- 
ceeds of  the  sale  of  £500  of  that  mock,  £452  Is. ;  for  reports  sold 
£89  3s. ;  making  a  total  of  receipts  of  £2,903  10s.  1  Id.  The  pay- 
ments were — for  the  expenses  of  the  Plymouth  meeting,  and  sun- 
dry disbursements  by  the  general  treasurer  and  local  treasurer, 
£321  15s.  3d. ;  paid  for  printing  and  engraving  for  the  volumes  of 
reports,  £288  3s.  4d. ;  salaries  of  the  assistant  general  secretary  and 
the  accountant,  £305.  The  total  of  a  long  list  of  payments  to  the  sci- 
entific grants,  £1,449  17s.  8d. ;  balance  in  the  hands  of  the  bankers 
and  local  treasurer,  £538  14s.  6d. :  that  was  the  present  si  ate  of  the 
accounts.  The  property  of  the  association  was  that  balance  of  £538 ; 
£5y500  in  the  three  per  cents,  valued  at  £5,018;  and  the  value  Of 
the  stock  of  books  on  hand,  estimated  at  £1,130;  making  the 
whole  property  of  the  association,  £6,687  98.  6d.  Since  their 
arrival  in  Manchester,  771  tickets  have  been  taken  by  new  and 
old  annual  members,  for  which  £1,396  had  been  received,  and 
£265  for  ladies'  tickets  (£1  each) ;  making  the  total  amount 
received  in  Manchester,  £1,661.  (Applause).  The  chairman  then 
called  on  the  assistant  general  secretary  for  his  report. 

Professor  Phillips,  the  assistant  general  secretary,  then  made 
his  report,  with  respect  to  the  general  arrangement  of  the  meeting. 
h2 
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As  to  the  workiDg  of  the  body,  as  regarded  the  advancement  and 
promotion  of  science,  there  would  be  no  material  change;  it  had 
been  gradually  improved,  and  at  present,  within  the  limited  period 
of  six  working  days,  it  did  not  appear  capable  of  any  considerable 
change  for  the  better.  This  was  a  place  where  great  exhibitions  of 
mechanical  ingenuity  were  produced ;  and  those  who  saw  the  two 
classes  of  exhibitions  here  would  be  much  delighted.  Whole  collec- 
tions had  been  moved —whole  societies  had  been  thrown  into  dis- 
arrangement— to  make  preparations  for  the  meeting  of  the  associa- 
tion. Individuals  bad  contributed  their  own  valuable  cabinets  of 
natural  history  to  enrich  the  valuable  stores  of  the  Manchester  Geo- 
logical Society.  After  referring  to  the  mechanical  exhibition,  to  the 
admissions,  to  manufacturing,  and  the  excursions,  in  much  the  same 
terms  as  already  reported  in  his  explanatory  address  at  the  general 
meeting  of  the  committee  on  Wednesday,  he  said  that  the  Sheffield 
Railway  Company,  had  made  an  offer  to  the  association  to  inspect 
the  great  tunnel  now  making,  after  the  meeting.  Another  excur- 
sion also,  after  the  meeting,  was  to  those  subterranean  collieries  and 
unparalleled  tunnels  at  Worsley,  which  the  noble  president  had 
given  an  opportunity  of  inspecting.  (Applause).  On  this  occasion 
there  had  been  great  success  in  the  preliminary  arrangements  for 
this  meeting.  If  there  should  be  a  material  failure  in  any  part  of 
the  arrangements  for  this  meeting,  he  should  be  greatly  distressed ; 
but  they  were  all  greatly  indebted  to  the  local  secretaries  and  offi- 
cers, whose  arrangements  had  giv^n  such  satisfaction  in  the  sections 
to-day  to  all  the  members.  It  would  be  a  paiufnl  feeling  on  the 
part  of  many  persons,  if  they  thought  they  were  not  to  visit  again 
more  than  once,  indeed  many  times,  the  places  where  they  had  de- 
rived 80  much  gratification  at  theue  meetings.  (Applause),  tie  ex- 
pressed his  gratification  to  see  toe  head  of  Dr.  Dal  ton  stamped  upon 
the  cards  of  membership  for  this  meeting.     (Applause). 

Lord  Francis  Egerton,  M.P.,  then  rose,  and  said.  Gentlemen,  as 
your  late  president  has  informed  you,  eleven  years  have  passed 
since  the  great  prototype  of  this  meeting  was  held  at  York ;  and 
such  was  Its  success,  that,  as  you  know,  the  experiment  has  been 
annually  repeated  ever  since,  and  with  similar  and  augmenting  re- 
sults. His  lordship  then  refeired  to  the  practice  of  the  president  of 
the  year  giving  on  these  occasions  a  brief,  but  instructive,  retrospec- 
tion of  the  state  of  science  as  connected  with  the  past  and  contem- 
plated proceedings  of  the  association  ;  which,  he  said,  was  however, 
inconsistent  with  its  other  practice  of  admitting  to  the  temporary 
honour  of  its  president  an  individual  like  himself,  selected  not  for  any 
scientific  pretensions,  but  solely  from  the  accident  of  local  connection 
with  the  place,  rather  than  with  the  objects  of  the  association.  (Ap- 
plause). I  cannot  forget  (continued  his  lordship) — I  wish  you 
could — under  what  auspices  the  last  meeting  in  Plymouth  was  held ; 
I  cannot  be  unconscious  of  the  fact  from  whom  I  have  on  this  oc- 
casion received  the  seat  which  I  have  now  the  honour  to  fill.  Could 
it  be  forgotten,  it  were  hardly  to  my  interest  to  awaken  the  recollec- 
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tion  of  ihe  fact,  that  Professor  Whewell  filled  at  Plymouth,  last 
year,  the  situation  which  I  have  the  presuiuptioa  to  fill  at  Manches- 
ter.    IM  do  so,  it  is  only  for  the  purpose  or  observing,  that  if  he, 
who  has  ''run  through  each  mode  of  the  lyre,''  and  proved  himself 
to  be  "  master  of  all,"  should  express  his  sense  of  the  difficulty  of 
endeavouring  to  convey  to  a  mixed  audience,  within  the  limited 
time  allowed  him,  such  a  summary  view  of  the  state  of  science,  it 
would  not  be  for  me  to  make  an  apology  for  not  imitating  his  ex- 
ample, but  rather  to  call  upon  the  council  to  give  reasons  for  not 
calling  upon  some  other  functionary  of  the  association  immediately 
to  execute  that  purpose  for  which   I   am  so  utterly  inadequate. 
Some  observations,  indeed,  before  I  sit  down,  1  may  allow  myself^ 
which  I  consider  illustrative  of  the  advantages  of  the  society,  and 
of  the  reasons  which  have  impelled  me,  and  many  others  similarly 
situated  to  myself,  to  give  whatever  feeble  influence  we  can  to  its 
proceedings.     But  before  I  proceed  Ho  such  topics,  allow  me  to  in- 
dulge for  a  moment  io  the  expression  of  my  feelings  of  satisfaction 
upon  the  subject  of  the  locality  which  sees  us  assembled  on  this  oc- 
casion.    On  this  subject  strangers  and  guests  will  excuse  me,  inha- 
bitants will  sympathise  with  me,  if  I  express  some  feelings  of  com- 
placency upon  that  topic.     (Applause).     It  not  merely  that  the 
place  which  sees  us  here  together,  has  from  various  causes  attracted 
to  itself,  as  to  one  of  the  principle  centres  of  the  world,  so  vast  an 
amount  of  mechanical  skill  and  invention:  it  is  not  merely  that  a 
neighbourhood  so  rich  in  mechanical  treasures  offers  in  itself  attrac- 
tions to  the  followers  of  many  most  important  branches  of  natural 
science ; — there  is  another  reason,  equally  weighty,  I  think,  and 
upon  which  1  dwell  with  even  greater  satisfaction  now.     It  is  be- 
cause this  town  is  the  birth-place,  and  is  still  the  residence,  of  one 
whose  name  is  mentioned  with  the  greatest  respect  in  whatever  part 
of  the  civilised  world  knowledge  is  cultivated ; — (applause) — one 
whom  I  am  happy  to  see  here  to-night  near  me,  to  enjoy  the  ho- 
nours which  he  has  won  by  a  life  of  persevering  exertions  in  the 
cause  of  knowledge ;  and  I  beg  him  to  accept  from  myself,  if  he  will 
condescend  to  do  so,  the  expression  of  my  most  sincere  regret  (and 
no  one  here  can  feel  it  more  than  I  do),  that  the  increase  of  years, 
which  to  him  has  been  but  the  increase  of  wisdom,  should  make 
him,  with  reference  to  his  physical  strength,  reluctant  to  fill  an  office 
which  in  this  case  would  receive  more  honour  than  it  could  confer. 
(Applause).     1  do  regret  that  from  this,  or  from  any  other  cause, 
such  an  assemblage  as  this  within  his  native  town,  should  miss  the 
opportunity  of  being  associated  with  the  honoured  name  of  Dalton 
as  its  president     The  council  well  know  my  own  views  and  feelings 
on  this  matter,  and  that  if  my  humble  services  could  have  been 
available,  1  would  gladly  have  served  as  a  doorkeeper  in  any  house 
in  which  the  father  of  science  in  Manchester  was  holding  the  office 
of  president.     (Applause).     I  must  offer  this  apology  for  my  occu- 
pying this  situation,  that  I  may  at  least  do  no  prejudice  to  the  cause 
which  we  are  met  to  support.     To  those  who  have  originated  this 
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inBtitatiou,  who  have  tended  it  from  birth,  who  have  watched  it  from 
its  cradle  at  York  to  its  vigorous  maturity  at  Manchester,  who  ma- 
nage its  affairs  and  regulate  its  proceedings,  and  who  have  called 
upon  me  to  occupy  this  chair,  I  respectfully  leave  the  task  of  my 
vmdication.  In  addressing  you  upon  any  topic  connected  with  this 
society,  I  can  only  do  so  in  one  manner.  All  readers  of  German 
literature  and  works  of  science,  cannot  have  failed  to  notice  the  fre- 
qoent  recurrence  of  the  word  steinkee,  which  signifies  the  place  from 
which  the  speaker  or  writer  views  the  object  which  he  is  discussing. 
My  position,  in  reference  to  this  association  is  dim,  indistinct,  and 
shadowy.  I  am  not  even  a  proselyte  of  the  gate,  far  less  a  Levite 
or  a  priest  of  the  sanctuary  ;  my  lips  cannot  pronounce  the  shibbo- 
leth of  the  temple  of  science ;  and  though  I  would  fain  worship-  at  a 
distance,  yet  the  sound  of  the  ritual  falls  too  faintly  on  my  ear  to 
allow  me  to  join  in  the  service  of  the  altar.  Yet  I  can  approach  the 
the  edifice  near  enough  to  kndw  that  the  architects  are  busy,  that 
the  builder  is  at  work  ;  I  hear  with  you  the  clink  of  the  hammer 
and  the  trowel.  The  pile  is  a  vast  one,  but  what  man  shall  ever  call 
that  pile  complete?  Many  a  shaft  remains  yet  to  be  polished,  and 
many  a  capital  to  be  elaborated  into  new  forms  of  fitness  and  beauty. 
The  architects  are  now  busy  on  that  ground  where  Bacon  shaped 
the  rugged  top  of  that  Moriah  of  philosophers,  and  smoothed  the 
way  :  removing  the  rubbish  of  centuries,  and  sliaping  it  into  a  vast, 
splendid,  and  solid  basis,  for  the  subsequent  discoveries  of  Newton 
and  his  followers.  (Applause).  I  hear  the  sound  of  their  labours ; 
but  it  is  not  for  me  to  attempt  to  instruct  you  in  that  of  which  1  am 
ignorant :  the  progress  or  the  details  of  their  labours.  These  are 
points  which  you  will  learn  in  those  sectional  departments  into  which 
the  builders  have  wisely  divided  themselves.  There  the  electrical 
inquirer  will  be  enabled  to  learn  into  what  new  shapes  and  channels 
his  fellows  are  directing  that  subtle  fluid  which  Franklin  snatched 
from  heaven ;  and  what  forms  they  have  compelled  that  Proteus  to 
assume  whom  they  have  enslaved  to  do  their  bidding.  Mr.  Lyell, 
1  believe,  is  still  pursuing  his  investigations  in  the  remoter  regions 
of  the  new  world ;  and  my  friend  Mr.  Murchison,  has  returned  rich 
in  treasures  from  his  travels  and  researches  in  an  important  part  of 
the  old :  and  returned  to  tell  you  of  the  favour  he  received  from  the 
sovereign  of  those  vast  dominions.  (Applause).  With  the  power, 
the  schemes  for  conquest,  or  the  military  projects  of  that  monarch, 
or  any  other  sovereign,  we  have  nothing  to  do,  and  our  thanks  are 
justly  due  to  him  for  the  homage  he  has  thus  rendered  to  science. 
"  Quid  bellicosus  eantabes  aut  scythus  agat  P*'  is  no  topic  for  us ;  but 
it  is  a  topic  for  the  just  acknowledgment  of  our  gratitude  that  our 
friend  Mr.  Murchison  should  have  received  from  the  sovereign  of 
those  vast  realms  the  reception  by  which  he  was  entertained,  and 
which  stamps  that  sovereign  as  the  friend  of  science.  (Applause). 
The  communication  and  discussion  of  such  past  achievements  and 
researches  as  these  is  one  of  the  useful  and  legitimate  objects  for  the 
operations  of  the  society.     Fortunately,  we  are  now  arrived  at  a  pe- 
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riod  of  the  society's  operation,  when  it  is  not  incnmbent  to  show 
something  of  the  probability  of  prospective  advantage  from  its  con- 
tinuance. It  might  be  well  for  those  who  originated  its  operations 
to  make  out  their  calculations  and  estimates*  as  you  do  in  one  of 
those  schemes  for  carrying  a  new  railroad  through  the  country; 
but  we  have  at  least  arrived  at  a  period  when  we  are  able  to 
show,  not  calculations  and  estimates,  but  profits  and  dividends. 
(Applause).  It  was  easy  to  foresee  and  foreshow,  from  the  op- 
portunities for  mutual  discussion  between  persons  resident  m 
different  parts  of  this  country,  and  in  different  countries  of 
the  globe,  that  from  the  collision  of  such  minds  light  and  heat 
must  ensue.  It  was  easy  to  predict,  that  from  the  nomadic  prin- 
ciple of  this  society  ^f  I  may  use  such  a  term),  the  light  of  sci- 
ence would  be  carried  in  its  brightest  and  purest  form  into  those 
parts  of  the  country  where  it  has  hitherto  shone  with  compara- 
tive faintness.  All  this  was  easy  to  predict;  and,  fortunately,  it 
is  not  difficult  to  show,  that  those  predictions  have  been  more 
than  accomplished  in  many  most  important  points.  It  was  ob- 
served last  year,  by  my  predecessor  in  the  cnair,  and  I  believe  it 
has  been  remarked  at  meetings  on  former  occasions,  that  up  to 
a  recent  period,  of  all  the  main  branches  of  natural  science,  as- 
tronomy was  the  only  one  which  had  received  the  direct  and 
permanent  assistance  of  governments,  and,  if  I  may  use  the  ex- 
pression, had  enjoyed  in  general  the  patronage  of  society  at  large. 
It  was  well  that  precedence  should  be  accorded  to  that  most  sub- 
lime and  most  ancient  branch  of  natural  science;  and  there  are 
other  reasons,  which  in  this  maritime  country,  most  undoubtedly 
recommend  it  to  that  especial  patronage  of  government.  Of  as- 
tronomy we  may  say,  gentlemen,  that  it  was  well  she  should 
walk  first,  but  not  that  she  should  walk  alone.  There  are  many 
other  branches  of  enouiry  which*  stand  much  and  equally  in  need 
of  the  assistance  of  the  state,  of  combined  operations  on  the  part 
of  individuals,  and  of  assistance  in  respect  of  pecuniary  support. 
Now,  the  details  are  quite  beyond  my  province  to  state  to  the 
meeting;  but  it  might  be  most  satisfactorily  shown  to  any  assem- 
bly, that  in  these  respects  this  association  has  been  of  the  greatest 
service.  There  are  many  subjects  on  which  its  advice  had  been 
received,  and  followed ;  many  objects  for  the  promotion  of  which 
the  assistance  of  its  funds  had  been  accepted ;  and  on  these  points 
it  may  be  most  satisfactorily  shown  that  this  association  has  been 
of  the  greatest  direct  and  practical  service  to  the  cause  of  science 
in  this  country.  (Applause).  Astronomy,  I  have  said,  took  pre- 
cedence of  other  sciences,  especially  in  the  favour  of  governments  and 
nations ;  and  undoubtedly  now  the  connection  between  astronomy 
and  the  government,  between  Greenwich  and  Downing-street,  is 
founded  on  the  most  solid  foundation;  but  it  has  not  been  al- 
ways that  astronomy  has  so  won  her  way  to  favour  in  the  courts 
and  councils  of  princes.  I  believe  she  once  owed  that  favour  to 
the  respect  then  entertained  for  the  claims  of  judicial  astrology. 
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But  astronomers  do  not  now  point  their  telescopes,  as  Wallcnstein 
did,  to  the  heavenly  bodies,  in  order  to  read  from  them  the  mys- 
terious future.     The  English  soldier  knows  but  one  Homeric  omen 
— that  the  defence  of  his  country  is  the  performance  of  his  duty. 
(Applause).     Some   two   centuries   ago,   and  I  believe  Mr.  Airy 
might  have  been  distracted  from  his  more  important  investigations 
and  calculations,  to    mark  what   star   was  culminating    on    such 
occasions  as  the  birth  of  a  royal  infant.     We  do  not  now  watch 
the  configurations    of   the    planets   on   such   events ;  but  to  that 
Providence  which  has  shielded  the  mother   (loud  and   long    ap- 
plause) and  to  the  prayers  unto  that  Providence  of  a  loyal  people, 
we  cheerfully  confide  the  fortunes  of  the  infant  hope  of  England. 
(Applause).     The  sun  of  science  has  drunk  uj)  all  those  delusions ; 
but,  as  I  have  said,  substantial  i^ounds  still  remain,  why  that  con- 
nection between  science  and  the  state  should  be  powerfully  exem- 
plified in  the  case  of  astronomical  pursuits.     Even  here,  this  society 
has  not  been  wanting  in  its  assistance.  1  believe  that  no  scientific  la- 
bour of  more  importance  (as  I  am  informed)  has  been  suggested  or 
exercised,  than  the  reduction  of  the  observations  at  Greenwich,  which 
has  been  going  on  at  the  expense  of  this  society ;  unless  it  be  that 
equally  important,  which  has  been  suggested  to  government,  to  sup- 
port the  reduction  at  its  own  expense  :  following  therein  the  example 
and  the  suggestion  of  this  institution.     (Applause).     Upon  this  sub- 
ject, if  1  needed  any  confirmation,  1  believe  at  a  subsequent  period 
of  this  meeting  I  might  enjoy  the  opportunity  of  appealing  to  the 
greatest  authority  on  such  subjects  that  continental   Europe  can 
produce;  for  I  find  the  authority  of  Professor  Bessel  (who  is  not  here 
yet,  but  who  is  expected),  whose  opinion  on  the  records  of  this  so- 
ciety is  expressed  in  the  strongest  manner  with  respect  to  those  very 
observations  of  which  I  speak.     Should  that  eminent  individual  ar- 
rive here,  as  I  understand  is  expected,  in  company  with  Sir  John 
Herschel,  on  Monday,  it  may  be  said  few  railroads  have  had  a  more 
important  charge  than  the  London  and  Birmingham  Railway  will 
have  on  that  occasion.     It  is  an  old  saying  of  Adam  Smith's,  that 
of  all  luggage  man  is  the  most  difficult  to  transport.''     (Laughter). 
It  is  very  fortunate  that  the  difficulty  is  not  commensurate  with  the 
value  of  the  article ;  for  if  it  were,  whatever  power  of  invention  and 
mechanical    skill    my    friends  Sharp  and  Roberts  may  possess, 
I    doubt  if  they  could  construct  a  locomotive  that   could  drag 
those  two  eminent  philosophers  to  Manchester.     (Laughter).     You 
are  well  aware,  that  oi  Sir  John  Herschel  it  does  not  become  me  to 
say  one  word  in  any  British  assembly  ;  of  Professor  Dessel,  you  are 
well  aware,  that  he  by  all  the  astionomers  of  Europe,  is  said  lately 
to  have  achieved  one  of  the  greatest  triumphs  oi  astronomical  sci- 
ence :  the  accuracy  of  whose  observation,  and  the  grasp  of  whose 
calculations,  enable  him  to  overleap  the  bounds  of  our  visible  celes- 
tial system  and  the  orbit  of  Uranus,  and  to  calculate  the  parallaxes 
and  distances  of  some,  at  least,  of  those  remoter  bodies,  whose  dis-, 
tance  mocks  our  powers  of  contrivance  to  magnify  their  bulk  to  our 
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vision.  (Applause).   I  have  only  to  express  my  regret  that  it  is  not 
in  my  power  to  give  him  that  welcome  that  1  am  sure  the  meeting 
would  bestow  upon  the  presence  of  so  eminent  a  man.     (Applause). 
The  connection  between  science  and  tiie  powers  of  the  state  is  a 
matter  of  more  importance  and  difficulty  than  I  can  enter  into  on 
this  occasion,  but  i  think  i  can  show  additional  proof,  besides  the 
mere  brief  reference  to  past  transactions,  to  that  magnetic  expedition 
which  is  now  proceeding,  originally  at  the  suggestion  of  this  society 
and  at  the  expense  of  government;  and  beyond  the  fact  of  this  so- 
ciety's operations,  particularly  the  survey .  of  the  kingdom  now  pro- 
ceeding, which  has  been,  as  to  this  part  of  the  kingdom,  extended  in 
its  scale,  almost  entirely  in  consequence  of  the  movement  and  impulse 
given  to  the  government  in  that  transaction  by  the  same  body.  But 
I  allude  to  a  more  recent  instance :  to  show,  that  the  connection  has 
been  established  in  a  striking  manner,  and   upon  what  1  think  a 
sound  footing.     1  wish  to  see  science  connected  with  government, 
not  in  any  low  or  dependent  form ;  not  under  the  undue  control  of 
government;  not  dangling  in  ante-chambers,  or  sweeping  the  dust 
from  the  floors  of  public  offices  or  palaces ;  but  seeking,  receiving, 
and  requiting  with  usury,  the  occasional  assistance  of  government ; 
enjoying  a  liberal  degree  of  favour  and  good  will  from  the  powers 
of  the  state.     It  is  known,  I  believe,  to  most  of  you,  that  recently  a 
building  which  has  been  left  useless,  which  was  formerly  appropri- 
ated to  the  purposes  of  science,  was  at  the  disposal  of  the  Crown.     A 
suggestion  emanated  from  this  society,  that  it  might  be  of  service — of 
far  more  important  service  than  is  even  now  contemplated — that  it 
was  a  building  which  might  serve  as  a  situation  where  your  instru- 
ments may  be  preserved  and  compared,  and  for  various  other  uses 
applicable  to  various  branches  of  science.    I  am  happy  to  say  that  the 
sceptre  was  promptly  and  graciously  extended  towards  us,  and  that 
the  observatory  at  Kew  is  now  at  the  disposal,  and  will  shortly  be  at 
the  use,  of  the  body  which  i  have  now  the  honour  to  address.    (Ap- 
plause).    On  looking  through  the  transactions  for  the  year  1839,  I 
was  struck  by  a  passage  which  seemed  to  be  very  illustrative  of  the 
practical  effect  of  your  proceedings ;  for,  in  the  preliminary  passage 
of  Professor  Owen's  treatise  on  the  fossil  reptiles  of  this  country,  he 
distinctly  states,  that  but  for  the  co-operation  and  assistance  of  this 
society,  it  would  be  impossible  for  one  man  to  have  embarked  in 
that  subtle  and  laborious  task,  i^hich  he  had  since  so  ably  executed 
and  performed.    I  ask  you  to  look  upon  the  pages  which  form  the 
commentary  on  that  text.     It  is  a  subject  which  unlearned  men 
like  myself  may  all  partially  bring  within  their  comprehension  ;  it 
does  not  invole  those  trains  of  algebraic  formulte  which  puzzle  the 
uninitiated,  or  those  symbols  which,  to  such  as  me,  are  nothing  more 
than  hieroglyphics; — you  will  there  follow  Professor  Owen  through 
the  relics  of  former  worlds ;  you  will  see  how  he  marches,  with  order 
and  arrangement  in  his  train  ;  how  the  dislocated  vertebrae  fall  into 
their  places ;  how  the  giants  of  former  days  assume  their  due  bulk 
and  dimensions — some  of  them  shorn,  perhaps,  of  the  proportions 
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which  on  their  first  discovery,  were  attributed  to  them,  and  some  en- 
larged ; — peruse  that  work,  which  tells  you  that  it  owes  its  existence  to 
the  encouragement  given  by  this  association ;  and  I  say, that  on  the 
pages  of  your  own  transactions  you  have  proof  enough,  that  the  opera- 
tions of  this  society  have  not  been  ineffectual  or  useless.  (Ap- 
plause). Before  I  sit  down,  I  would  endeavour  to  illustrate  my  feel- 
ings by  reference  to  another  scientific  transaction.  About  two 
years  since,  au  adventurous  party,  of  which  Professor  Agassiz  was 
at  the  head,  achieved  the  ascent  of  those  Alpine  heights,  which,  as 
its  very  name  implies,  had  for  ages  been  supposed  inaccessible  to 
the  foot  of  man.  It  is  probable,  that  there  were  many  who  from 
the  chalets  and  the  pasturages  below,  directed  their  telescopes  to 
those  peaks  of  ice,  with  the  warmest  interest  for  the  safety  and  the 
success  of  those  adventurers.  Perhaps  there  were  some  who,  by  tri- 
fling excursions  into  those  regions,  had  learned  to  understand  and 
know  the  difficulties  of  progress  in  those  higher  Alps :  who  knew 
something  of  the  dangerous  crevices :  who  could  tell  of  the  ascent, 
cut  step  by  step  with  hatchets  in  that  precipice  of  ice,  and  who 
could  appreciate  the  adventurous  magnitude  of  the  enterprise.  Be 
assured,  you  climbers  of  the  heights  of  science — and  tbere  are  many 
of  you  here — that  there  are  those  below  who  sympathise  with  the 
efforts  which  they  cannot  share  or  emulate;  who  rejoice  in  your 
success,  who  lament  when  you  are  baffled ;  and,  when  you  plant 
your  flag  upon  some  hitherto  virgin  summit,  their  shout  of  applause 
would  reach  you  from  below,  if  it  could  be  conveyed  to  your  organs 
by  the  pure  and  attenuated  atmosphere  which  it  is  yours  alone  to 
breathe.  (Loud  applause).  Dwellers  in  a  dull  valley  as  we  are — 
breathers  oi  a  heavier  and  too  oft  a  tainted  atmosphere — we  can 
yet  look  upward.  We  count  your  triumphs,  and,  as  you  gain  them 
we  gladly  place  yonr  names  on  the  list  of  the  recorded  benefactors 
of  mankind — (applause) ;  for  it  is  the  privilege  of  triumphs  like 
yours,  that  though  they  become  common  property,  though  they  ex- 
tend advantages  wherever  civilisation  extends  over  the  habitable 
world,  yet  at  the  same  time,  and  for  that  very  reason,  they  exalt  the 
country  from  which  they  originate  in  the  scale  of  nations,  and  ful- 
fil the  most  rational  feelings  of  national  pride,  while  they  perform 
the  obligations  of  our  common  humanity  to  the  most  unrestricted 
extent. — His  lordship  resumed  his  seat  amidst  loud  plaudits  from 
every  part  of  the  assembly. 

Mr.  Murchison :  As  an  old  soldier  of  the  British  Association, 
it  is  my  duty  to  state,  that,  in  compliance  with  the  request  of  the 
officers  of  the  association,  that  the  noble  lord  would  undertake  the 
office  of  president.  Lord  Francis  Egerton  is  the  first  individual,  who 
occupying  such  a  high  place  in  public  estimation,  and  of  great  local 
influence,  who  has  attempted  that  task  which  has  been  heretofore 
confined  to  the  officers  of  the  association.  (Applause).  How  much 
we  (I  mean  particularly  Lieut.  Col.  Sabine  ana  myself)  are  indebt- 
ed to  the  noble  lord,  has  been  amply  testified.  1  have  always  felt, 
that  during  the  progress  of  the  association  a  time  might  arise,  when 
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some  one  combining  in  his  own  person  scientific  and  literary  attain- 
ments— scientific  I  say,  though  the  noble  lord  does  not  choose  to 
acknowledge  acquirements  of  this  sort — united  to  public  station, 
might  become  to  be  the  fittest  person  to  preside  over  us.  How  truly 
this  anticipation  has  been  verified,  the  success  of  the  .meeting  has 
amply  shown.  (Applause).  The  statements  which  you  have  just 
heard  from  the  noble  lord  must  have  a  great  effect  on  the  country. 
Coming  from  such  an  authority,  they  must  have  greater  influence 
than  from  any  humble  scientific  individual.  After  the  advice  we 
have  just  heard  from  the  noble  lord,  I  think  we  are  bound  to  express 
our  gratitude  for  his  speech.  1  move,  therefore,  that  the  thanks 
of  the  association  be  given  to  Lord  Francis  Egerton  for  the  able  and 
enlightened  discourse  he  has  this  day  given  us.  '  (Prolonged  cheer^ 

The  Marquis  of  Northampton :  I  rise  with  great  pleasure  to  se- 
cond that  motion.  It  does  not  require  one  word  from  me  to  recom- 
mend it ;  but,  having  attended  a  great  many  former  meetings  of  the 
association,  I  may  be  allowed  to  express  the  great  satisfaction  with 
which  I  have  listened  to  the  speech  of  my  noble  friend  to  night. 
(Applause).  My  noble  friend  nas  alluded  to  classical  authorities ; 
and  I  may  say,  that  as  long  as  we  have  presidents  like  him  who  has 
just  addressed  us,  if  ever  it  should  be  the  fate  of  the  association  to 
die,  our  memory  will  be  c^a  fatm  saero.  But  I  am  certain  that 
the  British  nation  will  never  allow  the  British  Association  to  die : 
nay,  that  they  will  not  allow  its  existence  to  be  suspended  even  for 
one  year.  (Applause).  I  agree  with  your  late  president,  that  as 
long  as  fresh  "  fields  and  pastures  new  ^  invite  us,  it  is  our  duty  to 
go  to  them,  with  due  consideration  of  the  convenience  of  the  associ- 
ation. And  whenever  the  time  comes  that  we  have  completed  our 
cycle,  I  am  sure  there  is  no  place  that  has  received  us  before,  that 
would  not  be  glad  to  receive  us  again.  (Applause).  I  have  said 
this  at  former  meetings  of  the  association,  and  it  has  always  been  re- 
nx>nded  to  as  you  have  responded  to  it  It  is  now  five  years  since 
the  association  was  requested  to  come  to  Manchester.  Your  vene- 
rable fellow  citizen  (Dr.  Dalton),  the  father  of  science,  not  only 
in  Manchester,  but  in  the  kingdom,  came  five  years  ago  to  Bristol  to 
urge  us  to  come  to  Manchester.  It  is  only  candid  to  say,  that  I  op- 
posed your  claims — (hear)— because  I  thought  it  better  at  the 
time  that  we  should  go  to  Liverpool.  The  invitation  was  repeated 
again  and  again,  and  here  we  are.  And  now  I  anticipate,  that  that 
application  will  be  again  and  again  repeated  until  we  come  here  a  second 
time.  (Applause).  I  don't  say,  for  the  purpose  of  enlisting  your 
assistance  and  co-operation  in  the  great  work  in  which  we  are  en- 
gaged, that  you  are  thereby  conferring  a  benefit  on  humanity ;  but 
I  say  to  yon,  who  depend  on  commerce,  on  manufacture,  and  on 
your  mechanical  skill,  that  the  cultivation  of  science  is  of  the  very 
utmost  importance  to  your  existence ;  and  that  it  is  only  from  fol- 
lowing up  inquiries,  and  pursuing  studies  of  this  description,  that  your 
town,  as  well  as  other  towns  of  this  empire,  will  continue  to  flourish. 
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If,  however,  England  allows  olher  nations  to  get  the  start  of  us, 
while  we  are  slumbering  in  our  beds,  Manchester  and  other  towns 
like  it  must  be  deslinedto  utter ruiu.  (Loud applause).  My  noble 
friend  has  mentioned  the  extended,  I  may  say  gigantic,  inquiry  now 
^oing  on  in  different  parts  of  the  world  in  the  shape  of  magnetic 
observations.  I  believe  there  are  at  this  moment  going  on,  in  not 
less  than  forty  observatories — [A  member:  "Fifty-one"] — indif- 
ferent parts  of  the  world,  a  poriioii  belonging  to  this  country,  and  the 
rest  to  other  countries.  I  have  the  satisfaction  to  inform  you  that 
her  Majesty's  government,  at  the  request  of  the  Royal  Society — 
they  would  have,  I  doubt  not,  granted  it  to  your  request,  if  the 
Royal  Society  had  not  forestalled  you — have  consented  to  continue 
these  magnetic  inquiries  three  years  more.  (Applause).  Another 
subject  connected  with  this  has  been  adverted  to :  the  kindness 
showu  to  science  by  the  Emperor  of  Russia.  I  may  state  upon 
this,  that  when  I  waited  upon  Sir  Robert  Peel,  on  the  part  of  the 
Royal  Society,  my  companion  was  the  Ambassador  of  Russia.  (Ap- 
plause). Having  taken  an  active  part  in  furthering  these  inquiries, 
the  emperor  desired  his  ambassador  in  this  country  to  make  these 
representations  in  favour  of  continuing  them.  1  thought  it  best  that 
we  should  go  together,  and  thus  exemplify  the  important  truth,  that 
science  is  a  bond  of  union  among  all  nations,  and  the  best  promo- 
ter of  peace  and  amity.  (Applause).  1  can't  help  saying  again, 
although  I  have  said  it  before,  that  it  is  important  to  the  progress  of 
civilization,  of  humanity,  and  peace,  that  nations  should  feel  a  com- 
mon interest  in  pursuing  together  those  scientific  inquiries  in  which 
they  have  a  great  common  object.  (Applause).  It  has  been  sug- 
gested that  we  go  to  York  next  year ;  I  am  sure  we  shall  return 
with  as  great  satisfaction  as  a  child  goes  back  to  its  mother.  At 
the  same  time  I  am  bound  to  remark,  as  it  is  well  to  have  everything 
above  board,  that  the  determination  of  the  places  at  which  the  asso- 
ciation holds  its  meetings  is  reserved  to  a  particular  body  in  the  - 
association,  and  that  it  is  impossible  to  resolve  you,  ladies  and  gen- 
tlemen, into  a  parliament,  for  the  control  of  the  local  details  and 
general  principles  which  govern  the  association  in  its  determination. 
(Hear,  hear).  I  will  only  express  a  sincere  hope,  in  conclusion, 
that  the  association  will  continue  as  eternal  as  tne  ^truths  it  is  de- 
signed to  discover. 

,    The  motion  was  carried  with  loud  applause.     The  noble  marquis 
concluded  by  seconding  the  vote  of  thanks  to  the  president. 

The  President :  It  is  now  my  duty  to  inform  you  that  this  meet- 
ing is  adjourned  to  Wednesday  evening  next,  at  the  same  hour. 

The  proceedings  terminated  at  a  quarter  to  ten  o'clock. 

FRIDAY. 

SECTION   A. — MATHEMATICAL    AND   PHYSICAL   SCIENCES. 

The  Very  Reverend  George  Peacock,  Dean  of  Ely,  took  the  chair 
at  a  quarter  past  eleven  o'clock. 

Professor  Stevelly  read  a  report  by  Mr.  Francis  Baily  (assistant 
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astronomer  royal)/' On  the  i eduction  of  the  stars  in  the  Histoire 
Celeste^*  by  Lalaade,  the  whole  of  which,  with  a  few  omissions,  have 
been  reduced  ;  being  in  number  upwards  of  47,000  stars.  The  cost 
of  printing  a  catalogue  of  these  stars,  in  octavo,  500  copies,  about 
£415;  or  1000  copies,  £100  additional;  or  with  expenses  of  ar- 
ranging for  the  press  and  correcting,  £500  for  500,  or  £600  for  a 
1000  copies.  Should  the  British  Association  decide  upon  print- 
ing, Mr.  Baily  would  draw  up  a  statement  of  the  mode  of  making 
the  reductions. — The  Chairman  said  a  grant  of  £500  had  been 
made  for  this  purpose,  several  years  ago,  as  the  immense  treasury 
of  astronomical  knowledge  published  in  the  Histoire  Celeste,  by 
Lalande,  was  absolutely  uselesn  for  the  purposes  of  astronomy  with- 
out such  reduction.—  Mr.  Stevelly  then  read  another  report  from 
Mr.  F.  Baily,  "  On  the  British  Association  Catalogue  of  Stars,"  in 
which  the  calculations  of  the  proper  places  of  the  stars,  with  the  lo- 
garithms of  the  proper  constants,  &c.,  were  furnished  for  nearly 
83,000  stars.  The  whole  were  copied  out  for  *the  press ;  the  ex- 
pense of  printing  500  quarto  copies  would  be  £550;  1000  copies 
would  be  £150  more. — The  Chairman  explained  that  this  labour 
had  been  undertaken  under  a  grant  for  the  extension  of  the  cata-. 
logue  of  stars  of  the  Royal  Astronomical  Society,  which  was  pub- 
lished by  subscription  of  the  members  of  that  society  many  years 
ago ;  and  this  new  catalogue  was  much  needed.  It  was  certainly 
one  of  the  most  important  of  the  labours  undertaken  under  the  au- 
spices of  the  British  Association,  and  its  publication  would  certainly 
be  one  of  tbe  greatest  contributions  for  the  service  of  practical  as- 
tronomers that  could  be  imagined.  It  was  proposed  to  name  it 
when  published,  "The  Catalogue  of  Stars  of  the  British  Associa- 
tion."— Mr.  Stevelly  also  read  a  report  by  Sir  John  Herschel,  on 
the  reduction  of  Lacaille's  stars,  made  by  a  committee  consisting  of 
the  reporter,  Mr.  Henderson,  and  Mr.  Airy ;  and  under  the  superin- 
tendence of  Mr.  Henderson,  the  whole  of  that  work  was  now  com- 
pleted ;  and  the  resulting  catalogue,  arranged  in  the  order  of  right 
ascension,  was  fairly  written  out  for  the  press.  The  number  of  stars 
reduced  was  about  10,000.  Sir  John  Herschel  recommended  its 
publication,  without  which,  little  or  no  benefit  could  result  to  astro- 
nomical science.  The  introduction  to  the  catalogue  would  give  an 
account  of  tbe  process  pursued  in  the  reduction,  the  constants  used, 
and  all  explanations  necessary  for  understanding  the  work. — The 
Chairman  said  this  great  work  had  also  been  in  progress  several 
years.  The  observations  of  Lacaille  had  latterly  become  of  great 
importance,  inasmuch  as  they  were  made  at  the  Cape  of  Good 
Hope,  and  comprehend  a  very  large  class  of  equatorial  stars,  as 
there  was  now  an  observatory,  &c.,  established  at  the  Cape,  with  re- 
gular observations  made  and  reduced  ;  and  ihey  were  also  valuable 
with  reference  to  the  labours  of  Sir  John  Herschel  in  that  locality, 
in  order  that  we  might  have  the  observations  of  two  distant  epochs 
to  compare  with  one  another. 

Colonel  Sabine  then  made  a  report  from  the  committee  for  trans- 
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lating  and  publishing  foreign  memoirs.  In  the  past  year  two  me- 
moirs had  been  selected  for  publication,  which  had  been  translated 
gratuitously  and  presented  to  the  committee  by  a  gentleman  who 
was  not  a  member  of  the  association,  and  they  had  appeared  in  the 
10th  number  of  Taylor's  Foreign  Scientific  Memoirs.  In  answer 
to  a  question  of  Professor  Stevelly,  Colonel  Sabine  explained  that 
the  translation  of  one  of  these  memoirs,  by  Professor  Dobee,  of  Ber- 
lin, on  the  law  of  storms,  would  enable  any  person  (a  mere  English 
reader)  to  use  his  valuable  tables  (perhaps  the  most  valuable  digest 
ever  made  for  the  science  of  meteorology),  as  profitably  as  if  his 
book  were  translated. 

Sir  David  Brewster  then  made  a  communication  "  on  a  new  neu- 
tral point  and  a  secondary  neutral  point  in  the  atmosphere."  After 
noticing  the  two  neutral  points  (points  where  there  was  no  polariza- 
tion of  light)  of  M.  M.  Arago  and  Babinet,  Sir  David  Brewster  said 
he  had  discovered* a  third  at  a  distance  of  20^  below  the  sun.  He 
also  mentioned  amongst  some  general  results  of  observations  con- 
tinued for  a  long  time,  that  instead  of  the  point  of  maximum  polari- 
zation being  always,  as  supposed,  90^  from  the  sun,  he  had  found 
it  more  frequently  88^  from  the  sun.  The  neutral  point  of  M. 
Arago  existed  in  the  horizon  all  day  between  November  17  and 
January  24,  the  altitude  of  the  sun  being  then  such  that  it  just 
touched  the  horizon  during  that  time.  It  was  generally  believed 
that  the  polarization,  at  the  maximum  of  90°  from  the  sun  was  pro- 
duced at  an  angle  of  45°,  but  he  found  the  angle  only  30°, — ^i.  e. 
that  the  motion  of  the  plane  of  polarization  was  equal  to  30°,  and 
might  be  obtained  by  the  following  formula : — Cot  ^  =  Cos  (i — i'). 
He  found  that  when  the  polarization  was  extremely  weak,  there  was 
always  a  quantity  of  white  vapour  floating  in  the  atmosphere.  Ano- 
ther result  of  his  observations  was  opposite  to  the  one  given  by  M. 
Arago,  who  thought  that  the  curves  of  the  equal  polarization  were 
concave  towards  the  sun,  whereas  these  observations  showed  that 
they  were  always  convex  towards  the  sun.  Sir  D.  Brewster  then 
adverted  to  the  secondary  neutral  point  of  polarization  which  he 
had  discovered  in  peculiar  states  of  the  atmosphere.  He  also  des- 
cribed a  polarimeter,  or  polariscope,  formed  of  several  plates  of  glass, 
two  plates  of  rock  crystal  cut  in  a  peculiar  way,  and  a  plate  of  tour- 
maline ;  by  which,  he  said  the  rectilinear  bands  in  polarization  were 
seen  more  clearly  than  by  other  methods. 

Professor  Baden  Powell  made  a  communication  *'  on  certain  cases 
of  elliptic  polarization.'*  The  only  substance  previously  known  not 
metallic,  in  which  elliptic  polarization  existed,  was  'mica,  in  a  pecu- 
liar form,  as  stated  by  Professor  Forbes  at  the  meeting  of  the  associ- 
ation at  Birmingham;  but  he  (Professor  Powell)  found  elliptic 
polarization  existed  in  many  substances,  amongst  others  plumbago, 
which  was  metallic  only  in  a  small  degree.  He  then  showed  a 
coloured  representation  of  the  polarization  observed  on  some  steel 
plates,  produced  by  Nobili's  process,  by  a  galvanic  deposit  upon  the 
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steel  plate,  which  exhibited  singular  phenomena  both  in  form  and 
colour,  there  being  a  regular  order  of  colours  from  yellow  to  red, 
deep  purple,  blue,  green ;  and  then  began  a  second  order  of 
yellow,  &c.  The  whole  proved  experimentally  what  Dr.  Lloyd  had 
predicted  theoretically,  at  the  last  year's  meeting  of  the  association, 
in  reference  to  experiments  of  Sir  David  Brewster  on  thin  films. 

Mr.  J.  Scott  Russell  then  made  a  supplemental  report  of  the 
committee  on  waves.  This  oral  communication  related  to  a  third 
inferior  class  of  waves,  to  which  Mr.  Russell  gives  the  name  of 
capillary  waves,  as  resulting  from  the  same  causes  which  gave  rise 
to  the  forces  of  capillary  attraction.  If  he  inserted  a  small  wire  or 
glass  rod,  a  sixteenth  of  an  inch  in  diameter,  into  a  fluid  in  a  state 
of  repose,  that  fluid  was  raised  by  the  capillary  forces.  He  then  des- 
cribed what  he  called  thtf  constrained  motion  of  the  wave,  thus 
caused ;  and  also  the  free  motion  of  waves  generated  by  the  inser- 
tion of  a  point  into  the  surface  only  of  the  fluid,  or  by  the  removal 
of  such  point  from  the  surface.  He  had  also  observed  the  velocity 
and  length  of  the  common  wave,  which  might  be  called,  perhaps,  the 
Newtonian  wave ;  which  he  ascertained  by  measuring  twenty  or 
thirty  of  them,  aU  perfectly  equal  to  each  other.  The  result  ac- 
corded accurately  with  the  Newtonian  law,  inasmuch  as  the  velocity 
varied  precisely  as  the  square  root  of  the  breadth,  without  the  least 
relation  to  the  height  of  the  wave :  but  he  did  not  find  the  absolute 
velocity  assigned  by  the  Newtonian  law  to  be  correct.  For  example, 
by  the  Newtonian  law,  the  wave  ought  to  be  of  the  length,  as 
measured  by  a  seconds  pendulum,  of  3*2608  feet,  and  it  was  of  the 
length  of  3'57  feet.  He  then  gave  the  following  lengths  of  waves, 
in  feet,  and  the  respective  velocity  of  each,  in  feet,  per  second  of 
time: — 


Length,  Felocity. 

2-  65   301 

2-  94 316 

3125   3-29 

3-  26 3-37 

3-57   3-57 


Length,  Felocihf. 

3-913 3-72 

4-  20   3-84 

5-  00   416 

6-  25   4-62 


He  gave  these  observations  to  show  that  the  limits  between  them 
might  be  considered  as  perfectly  correct.  Thus  a  wave  3*57  feet 
long,  always  had  a  velocity  of  3*57  feet  per  second,  and  this  could 
never  be  confounded  with  the  observation  either  preceding  or  suc- 
ceeding it. — A  short  conversation  ensued  ;  and  as  the  next  paper  in 
order,  that  of  Professor  Stephano  Marianini,  was  in  Italian,  and  the 
translation  not  yet  completed,  and  the  two  next  on  the  paper  could 
not  be  read,  as  the  author,  Mr.  A.  J.  Parsey,  was  not  present,  the 
proceedings  closed  here  for  the  day. — The  Chairman  announced 
that  two  communications  would  be  made  to  the  section  the  next 
morning,  from  scientific  foreigners  ;  one  by  Professor  Brasch- 
man,  of  Moscow,   containing  considerations   on   the  doctrines  of 
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equilibrium   and   motion,    and  another  by   Professor    Jacobi,    of 
Konigsberg,  also  upon  a  mathematical  subject ;  and  he  might  say 
that  no  name  amongst  mathematicians  of  the  present  day  stood 
higher  than  that  of  Jacobi.     (Applause).     The  section    then   ad- 
journed, at  a  quarter  past  one  o'clock. 

SECTION    B. CHEMISTRY  AND    MINERALOGY. 

At  the  meeting  of  this  section  the  Marquis  of  Northampton  took  the 
chair.     There  were  also  present.  Dr.  Dalton,  Professor  Graham,  Dr*. 
Daubeny,  Dr.  Plairfair,  the  Rev.  William  Vernon  Harcourt,  Dr. 
Apjohn,  &c. 

The  first  paper  was  a  communication  by  Professor  Haidinger,  of 
Vienna,  and  was  read  by  Mr.  Croft.  The  subject  was  the  Mineralogi- 
cal  and  Geological  Museum  of  the  Imperial  Mining  department  of 
Vienna,  which  Professor  Haidinger  was  entrusted  by  the  Emperor 
of  Austria  to  arrange.  The  method  of  arrangement  followed  was 
the  brilliant  and  original  method  of  Professor  Moh,  which  at 
once  arrests  the  attention  and  challenges  the  admiration  of  the  visi- 
tors of  the  imperial  cabinet.  Professor  Haidinger  described  the 
number  and  contents  of  the  rooms,  and  the  order  and  arrangements, 
which  were  unparalleled  by  any  other  in  Europe.  The  plan  pursued 
was  to  divide  the  empire  into  four  great  general  divisions,  having 
the  great  rivers  in  the  centre,  and  the  principal  chain  of  mountains 
as  the  boundaries  on  either  side.  A  sort  of  section  was  represented 
by  the  arrangement  of  the  cabinets  in  the  four  rooms,  which  greatly 
assisted  the  memory.  The  upper  part  of  the  cabinets  contained  the 
mineralogical  and  geological  specimens  from  the  higher  ridges  of 
rocks,  while  the  tables  in  the  centre  held  those  from  the  plains. 
The  collection  altogether  conveyed  an  idea  of  the  geological  and 
mineralogical  peculiarities  of  that  great  empire  from  which  it  was 
obtained.  It  was  not  the  actual  possession  of  fossils  and  specimens 
that  was  useful,  the  professor  remarked,  but  the  use  to  which  they 
were  put,  and  to  which  an  orderly  and  accurate  arrangement  of 
them  mainly  contributed. 

The  Marquis  of  Northampton  expressed  the  pleasure  which  the 
account  of  Professor  Haidinger's  instructive  manner  of  arrangement 
had  given  him.  To  obtain  accounts  of  the  method  of  arranging  the 
museums  of  other  countries  was  highly  useful,  since  it  materially 
instructed  us  in  the  arrangement  of  our  own.  One  great  difficulty 
was,  at  the  same  time  to  protect  specimens  and  to  enable  them  to  be 
seen.  He  would  suggest  that  the  professor's  paper  be  sent  to  the 
Geological  Section.  (Applause).  The  secretary  (Dr.  Lyon  Play- 
fair)  then  read  a  letter  from  Professor  Haidinger,  expressing  the 
pleasure  he  felt  at  receiving  an  invitation  to  be  present  at  the  meet- 
ing of  "  that  grand  and  beneficial  institution,  the  British  Associa- 
tion ;"  and  his  wish  that  his  engagements  would  allow  him  to  be 
present  at  the  next  meeting,  where  he  might  meet  together,  with 
other  philosophers,  his  old  friends  Dr.  Henry  and  Professor  Sedg  - 
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wicky  whom  he  had  known  while  partaking  the  hospitality  of  Mr. 
Allan,  of  Edinhurgh. — The  Marquia  of  Northampton  remarked  that 
Professor  Haidinger  had  resided  a  long  time  in  this  country,  and 
that  he  had,  no  doubt,  added  greatly  to  his  geological  knowledge 
while  here.  He  (the  noble  marquis)  hoped  before  long  we  shoidd 
see  in  the  British  Museum  a  collection  of  minerab  having  especial 
reference  to  Gh%at  Britain. 

Dr.  Playfair  proceeded  to  read  a  paper  "  On  some  new  Oxides 
of  certain  of  the  metals  of  the  Magnesian  £unily."  Chemists  boasted 
of  their  acquaintance  with  the  magnesian  fiunilies,  and  yet  our 
knowledge  of  them  was  at  best  very  defectire.     What  a  vast  hiatus 
was  there  not  in  the  knowledge  of  oxides  alone  1  The  oxides  <^  cop- 
per had  a  striking  analogy  to  the  oxides  of  magnesia.     Dr.  Play£dr 
then  proceeded  to  show  in  what  manner  he  had  obtained  peroxides 
of  copper,  of  iron,  and  of  alumina.     He  was  assisted  by  two  dia^ 
grams,  one  showing  the  oxides  of  the  magnesian  metals,  as  far  as  we 
know  them,  the  other  showing  the  hydrates  of  peroxide  of  copper 
and  of  cupric  oxide,  with  their  cuprous  analogues.     These  were 
given  with  their  empirical  and  rational  formula  contrasted.     In  the 
course  of  his  extempore  address.  Dr.  Play&ir  expressed  his  opinion 
that  the  atomic  weight  of  all  unmagnesian  metals  might  be  douUed. 
— Hie  vice  president  said  the  chemists  present  could  not  of  course 
be  expected  to  acquiesce  in  the  new  ^d  curious  statements  respect* 
ing  these  peroxides,  until  they  saw  them  proved  by  the  analytic 
method,  which  Dr.  Playfair  could  not  adopt  in  a  lecture.     He  had 
proposed  some  time  ago  that  the  atomic  weight,  for  various  reasons, 
ought  to  be  doubled.     He  begged  to  express  the  great  gratification 
he  had  derived  from  the  statements  of  Dr.  Playfiedr. — Dr.  Daubeny 
expressed  a  similar  feeling.     Dr.  Playfair  had  evinced  great  and 
minute  chemical  research,  and  had  arrived  at  important  gaieral  re- 
sults.— ^Dr.  Apjohn  said  a  few  words  to  the  same  effect. 

Ml.  John  Mercer's  paper ''  On  some  peculiar  instances  of  Cataljrtic 
Action,'' was  then  resd  by  Dr.  Playfair  by  the  request  of  the  author, 
who  was  present.  Catalysis  acts  with  a  power  so  latent  as  seems  to 
defy  detection,  yet  Mr.  Mercer  explained  on  ordinary  chemical 
principles  some  effects  hitherto  described  as  catalysis.  The  author 
had  arrived  by  a  wholly  different  process  at  results  strikingly  similar 
to  those  of  Professor  Fiayfair  in  the  last  lecture. 

The  vice  president  said,  Mr.  Mercer  w«s  well  known  vt  Lanca- 
shire for  his  practical  application  of  chemistiy  to  the  useful  arts,  and 
particularly  to  calico  printing.  He  had  now  shown  a  not  less  inti- 
mate acquaintance  with  chemical  theory,  and  had  established  himself 
a  chemical  philosopher  of  high  excellence.  His  explanation  of  cata* 
lysis  was  in  his  (the  vice  president's)  opinion,  better  than  that  of 
Liebig. — ^Dr.  Playfair  expressed  hiniself  of  a  different  opinion  on 
this  l^ter  point,  but  being  referred  by  Mr.  Mercer  to  the  paper, 
and  desired  to  read  the  passage  again,  he  coneurred  with  the  vice 
president* — ^The  vice  president  said  that  Berseliiia  had  invevted  the 
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tenn  catalysis  to  express  a  power  that  he  could  not  detect.  There 
was  reason  to  believe  that  as  these  effects  were  from  time  to  time 
explained  on  ordinary  chemical  doctrines,  the  term  catalysis  would 
disappear. — ^Mr.  Davies  said  the  papers  of  Dr.  Playfair  and  Mr. 
Mercer  possessed  an  extraordinary  value  and  interest,  and  he  begged 
to  move  a  vote  of  thanks  to  both  gentlemen. — Dr.  Playfair  on  be- 
half of  himself  and  Mr.  Mercer  declined  the  proposed  compliment. 
Both  himself  and  Mr.  Mercer  were  members,  and  the  association 
could  not  thank  its  own  members. 

A  paper  was  then  read,  communicated  by  Mr.  R.  Hunt,  of  Corn- 
wall, entitled  "  Researches  on  the  Influence  of  Light  on  the  Ger- 
mination of  Seeds  and  the  Growth  of  Plants/*  The  subject  had 
been  entrusted  to  Mr.  Hunt  for  experiment  by  the  association. 
He  had  provided  six  boxes,  so  constructed  that  no  light  could  enter 
except  through  glass  of  different  colours :  the  first  being  deep  red, 
the  last  deep  green.  In  these  boxes  he  had  raised  ranunculuses,  tu- 
lips, and  other  plants.  The  tulips  he  found  germinated  the  first 
under  the  orange  glasses,  and  last  under  the  blue  and  green.  Un- 
der the  blue  glass  the  plants,  although  slower  in  germination,  were 
more  healthy,  and  promised  to  come  to  maturity,  and  be  perfect 
flowers  ;  while  imder  the  orange  they  were  more  forward  but  sickly. 
A  curious  result  was  noticed  with  respect  to  the  red  glass.  Un- 
der all  other  circumstances  plants  bent  towards  the  light,  but  those 
under  the  red  glass  bent  away  from  the  light.  In  nearly  all  cases 
germination  had  been  prevented  by  the  absorptive  power  of  the  yel- 
low rays. 

Dr.  Daubeny,  as  one  of  the  committee  appointed  to  investigate 
the  subject  with  Mr.  Hunt,  hoped  the  committee  would  continue 
the  grant  to  the  latter  gentleman.  The  results  at  present  obtained 
seemed  indecisive;  and  without  wishing  to  throw  any  discredit 
on  the  experiments,  he  thought  Mr.  Hunt  ought  to  have  a 
further  opportunity  of  establishing  his  principle,  that  chemical  rays 
produced  a  specific  and  positire  influence  on  the  germination  of 
plants. 

It  being  now  two  o'clock,  the  vice  president  adjourned  the  sec- 
tion to  the  following  morning  at  eleven. 

SECTION   C. — GEOLOGY  AND    PHYSICAL  OBOOaAPHY. 

The  president,  R.  I.  Murchison,  Esq.,  took  the  chair  this  inorn- 
ing  shortly  after  eleven  o'clock,  and  opened  the  proceedings  by  giving 
a  brief  verbal  summary  of  a  memoir  conmiunicated  by  Dr.  Dale 
Owen,  on  the  Western  States  of  North  America.  Two  large  pano- 
ramic views  of  the  geological  structure  of  that  country  were  hung  up 
in  view  of  the  meeting,  with  well  executed  diagrams  of  the  various 
fossil  remains  hitherto  discovered  in  that  region ;  distinguishing  the 
strata  from  which  they  were  taken.  One  of  these  views  represented 
the  various  geological  formations  observed  in  that  part  of  the  coun- 
try, extending  from  the  Wisconsin  river,  an4  passing  along  the 
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Mississippi,  Illinois,  Sargamon,  Kaskasia,  Embaras,  Wabash,  White, 
Ohio,  Green,  Cumberland  and  Tennesse  rivers,  to  the  Allegany  moun- 
t^ns.     The  other  views  commenced  at  Chickshawbluffs,  Tennesse, 
and  proceeded  across  the  state  of  Kentucky,  in  a  course  nearly  north 
east,  through  part  of  Ohio  and  Pittsburgh,  to  the  Allegany  moun- 
tains.    The  president  said,  he  had  only  just  read  the  memoir,  and 
therefore,  his  account  of  its  contents  would  be  necessarily  imperfect. 
The  memoir  in  detail,  with  a  collection  of  fossils,  sent  by  Dr.  D. 
Owen,  would  be  submitted  to  the  Geological  Society  in  London.  The 
author  was  a  native  of  England,  who  studied  in  the  university  of 
London,  under  Dr.  Turner,  and  afterwards  went  to  America.    The 
country  to  which  the  paper  referred,  embraced  Illinois,  Indiana,  a 
portion  of  Kentucky  and  Ohio.     In  this  large  portion  of  country, 
there  were  two  coal  fields,  one  of  which  (the  Illinois  coal  field)  was 
nearly  as  large  as  Great  Britain.     This  great  tract  of  country  was 
traversed  at  its  southern  termination  by  the  river  Ohio.     The  other 
coal  field  was  called  the  coal  field  of  the  Ohio,  and  was  also  very  exten- 
sive.   These  coal  fields  were  separated  from  each  other  by  an  axis  of 
much  more  ancient  rocks,  and  the  special  object  of  the  author  in  bring- 
ing the  communication  before  the  English  public  was,  to  have  the 
identification  established  between  those  lower  rocks  on  which  the  coal 
fields  rest,  and  those  which  support  our  great  carboniferous  series  in 
the  British  Isles.     The  president  then  pointed  out  on  the  map  the 
places  where  the  difierent  fossils  were  found,  and  showed  that  in 
many  respects  there  was  a  striking  coincidence  between  the  stratifi- 
cations and  the  remains  discovered  in  them,  with  those  of  our  own 
country.     One  of  the  most  remarkable  coincidences  was  a  cluster  of 
fossO  trees,  the  representation  of  which  resembled  those  in  Dixon 
Fold  so  much,  that  it  was  supposed  by  the  meeting,  until  the  presi- 
dent informed  them  to  the  contrary,  that  the  diagram  referred  to 
that  group.     In  the  course  of  a  conversation  which  afterwards  en- 
sued, Mr.  Binney  noticed  one  difference  :  the  fossil  trees  in  Dixon 
Fold  had  only  four  roots  each,  while  the  American  fossils  had  many. 
Mr.  Bassett,  a  gentleman  who  was  present  when  the  trees  were 
sketched,  stated  that  their  respective  diameters  varied  from  one  foot 
to  eighteen  inches.     After  some  observations  from  Professor  Sedg- 
wick, Professor  Phillips,  Dr.  Buckland,  and  Sir  H.  De  La  Beche, 
the  thanks  of  the  meeting  were  unanimously  given  to  Dr.  Owen  for 
his  communication. 

Fossil  Head  of  an  Ox. — The  president  next  exhibited  the  head 
of  an  ox,  and  read  a  letter  from  Professor  John  Knox,  stating  that 
the  head  was  found  a  few  days  ago  in  excavating  a  sea-lock  at  the 
east  end  of  the  Forth  and  Clyde  Canal,  on  the  Frith  of  Forth,  at 
twenty  feet  below  high-water  mark.  Mr.  Thompson,  the  engineer  of 
the  Canal  Company,  happening  to  be  present  at  the  moment  it  was 
discovered,  had  it  placed  in  a  box  and  forwarded  to  the  association. 
— Dr.  Buckland  said  it  was  apparently  the  head  of  a  cow,  and  was 
found  under  a  large  quantity  of  mud,  at  the  mouth  of  an  estuary, 
i2        ^ 
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where  it  was  not   at  all   surprising  that  mud   should  hare  been 
accumulated. 

British  Belemnites, — Professor  John  Phillips,  as  one  of  the  com- 
mittee for  advancing  the  knowledge  of  belemnites,  reported  what 
had  been  done  in  that  respect  since  the  last  meeting  of  the  associa- 
tion. He  had  been  requested  to  prepare  a  series  of  drawings  and 
descriptions,  of  an  exceedingly  numerous  group  of  fossil  shells, 
known  by  the  name  of  belemnites.  M.  Du  Blanville  had  already 
described  a  great  number  of  these  fossils,  traced  the  analogy  between 
their  structure  and  that  of  other  fossils,  particularly  the  nautilus,  to 
which  the  analogy  was  striking.  M.  Yoltz,  of  Strasburg  and 
Paris,  also  published  a  valuable  work  on  this  subject,  and  Dr.  Buck- 
land,  in  the  Bridgewater  treatise,  had  added  much  to  our  knowledge 
of  those  animals.  Fifty  pounds  had  been  placed  in  the  hands  of 
Professor  Phillips  to  defray  the  expense  of  drawings  and  engravings  ; 
and  these  were  nearly  completed,  and  would  be  distributed  among 
geologists.  He  had  already  collected  forty  apparently  distinct 
species  of  the  belemnites.  The  belemnite  had  four  aspects,  two  of 
which  were  alike,  and  two  dissimilar ;  and  he  would  have  to  make 
such  drawings  as  would  enable  a  person  to  see  all  the  aspects  in 
which  they  could  be  presented,  in  order  that  the  species  might  be 
distinguished.  He  hoped  he  should  soon  be  able  to  give  a  correct 
account  of  the  forms  of  the  belemnites,  and  the  manner  in  which 
they  are  distributed  in  the  stratified  rocks. 

Fossil  Fishes. — ^Mr.  L.  L.  B.  Ibbetson  read  a  report  of  Profes- 
sor Agassiz  on  the  fbssfl  fishes  of  the  Devonian,  or  old  red  sandstone 
formation.  The  learned  professor  commenced  his  paper  by  acknow- 
ledging the  assistance  which  he  had  received  from  various  quarters, 
particularly  the  late  Lady  Gordon  Gumming,  who  had  presented 
him  with  several  splendid  drawings  of  fossil  fishes  executed  by  her- 
sdf  and  her  accomplished  daughter.  These  beautiful  works  of  art 
were  exhibited  to  the  section,  and  greatly  admired :  six  of  them 
were  representions  of  Fterycthys^  or  winged  fishes.  The  views 
presented  in  this  report  are  similar  to  those  found  in  a  popular  little 
work  by  Mr.  Hugh  Miller,  of  Cromarty,  entitled  **  New  Walks  in 
an  Old  Field.** 

Mud  qf  Rivers. — ^The  president  informed  the  section  that  the 
committee  appointed  to  report  on  the  mud  of  rivers,  had  forwarded 
a  communication  from  Belfast,  stating  that  they  hid  as  yet  made 
little  progress,  as  the  results  were  very  unsat^factory.  With  re- 
gard to  earthquakes,  they  had  nothing  to  report.  A  great  number 
of  those  stories  appearing  in  newspapers  were  nothing  mcMre  than 
exaggerated  accounts  of  storms. — ^The  section  adjourned  at  half-past 
two  o'clock. 

SSGTIOR   D. — ZOOLOGY   AND   BOTANY. 

The  Dean  of  Manchester,  President. — Dr.  G.  Lankester,  F.  L.  S., 
drew  the  attention  of  the  meeting  to  a  gigsntic  pajr  of  the  horns  of 
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Wapeti  deer  brought  £rom  the  western  districts  of  America,  which 
were  exhibited  by  Mr.  L.  T.  Gaskill,  of  Liverpool.  Being  placed 
in  front  of  the  chairman,  they  attracted  great  attention  from  their 
immense  size ;  the  head  being  nearly  three  quarters  of  a  yard  in 
length,  with  tufts  of  hair  on  each  side,  almost  resembling  the  front 
mane  of  a  lion ;  whilst  the  towering  antlers  were  about  six  feet  in 
length,  from  the  base  of  the  scull  to  the  tip  of  the  horn. — Mr. 
Gasldll  stated  that  these  immense  antlers  were  brought  hither  by 
Mr.  Daniel  Mossinore,  an  eminent  naturalist  of  the  United  States, 
along  with  the  living  male  and  female  of  the  same  species  (young 
ones),  which  are  now  in  the  possession  of  her  Majesty,  in  Windsor 
Park.  It  appeared  from  Mr.  Gaskill's  statement,  that  his  Royal 
Highness  Prince  Albert,  hearing  of  the  arrival  of  tiie  deer  at  Liver- 
pool, instructed  his  secretary,  the  Hon.  A.  Murray,  to  make  inquiries 
concerning  them ;  but  in  the  mean  time  they  were  purchased  by  the 
Earl  of  Derby,  president  of  the  Zoological  Society,  who  also  wished 
to  become  possessed  of  this  extraordinary  growth  of  animal  na- 
ture ;  which  had,  however,  become  the  property  of  the  present  owner. 
The  noble  earl  hearing  of  her  Majesty's  desire  to  purchase  the 
deer,  with  a  proper  feeling  of  loyalty,  immediately  presented  them. 
The  horns  excited  an  interesting  discussion. — Mr.  Peach  read  a 
paper  on  the  nidus  and  growth  of  Purpureus  CapiUuSf  the  tea  cup 
of  £lHs. — ^Mr.  Couch,  of  Cornwall,  read  a  paper  on  the  migration  (^ 
birds  and  flowering  of  plants  in  that  county. — ^Mr.  Blackwall  dsr 
scribed  a  larva  parasitic  on  spiders. — ^Mr.  Strickland  read  the  report 
of  a  committee,  appointed  by  a  late  meeting,  on  the  growth  a^4 
vitality  of  seeds. 

SECTION  E.  MEDICAL  BCIBKCB. 

There  were  only  three  papers  announced  for  reading  in  this  sec- 
tion, and  none  of  Uiem  possess  any  interest  for  non-medical  readers. 

FRIDAY. 

SECTION  O. MECHANICAL  SCIENCE. 

llie  Combustion  of  Coal  and  the  Prevention  of  Smoke. — Mr.  Fair- 
bairn  read  the  report  of  a  committee  appointed  at  the  meeting  held 
at  Glasgow,  in  1840  (in  consequence  of  a  paper  read  by  Mr.  C.  W. 
Williams),  to  make  experiments  upon  the  combustion  of  coal  and  other 
fuels,  with  a  view  of  obtaining  the  greatest  calorific  effect,  and  avoiding 
the  generation  of  smoke.  In  this  report  the  subject  of  inquiry  was 
arranged  under  the  following  heads  : — 1.  The  present  state  of  know- 
ledge as  regards  the  combustion  of  fuel,  particularly  as  applied  to 
the  furnaces  of  steam  engines. — 2.  The  due  relations  between  the 
dimensions  of  the  furnace  and  the  boiler. — 3.  The  dimensions  and 
form  of  the  chimney .-~4.  The  best  method  of  working  the  furnace. 
In  reference  to  the  general  subject  of  the  inquiry,  the  report  stated 
that  very  great  ignorance  existed  on  the  subject  of  combustion,  and 
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a  most  extravagant  waste  of  fuel  was  committed  in  most  of  the  dis- 
tricts in  which  steam  power    is  extensively  used.      In  Cornwall, 
where  necessity  had  compelled   the  introduction  of  great  economy 
in  the  management  of  steam  engines,  a  system  of  slow  and  complete 
combustion  was  practised  which  unfortunately  could  not  be  gene- 
rally adopted  in  this  district,  where  most  of  the  proprietors  of  steam 
engines  had  subjected  themselves  to  serious  evils  by  a  want  of  capa- 
city in  their  boilers,  and  a  system  of  overworking  in  every  way 
opposed  to  perfect  combustion,    and  attended  with  consequences 
equally  objectionable,  whether  as  regarded  the  public  nuisance  of 
smoke,  or  the  increased  expenditure  of  fuel.     In  many  establish- 
ments, engines  were  loaded  to  almost  double  their  nominal  power ; 
requiring  steam  far  beyond  the  just  capability  of  their  boilers,  and 
to  be  obtained  only  by  forcing  their  fires,  and  too  frequently  dis- 
persing through  the  atmosphere  a  quantity  of  valuable  fuel,  which 
under  other  circumstances,  might  be  usefully  and  beneficially  em- 
ployed.    These  were  evils  which  could  be  abated  only  by  the  zealous 
concurrence  of  proprietors  of  steam  engines  themselves  ;  but  it  was 
to  be  hoped,  that  a  few  striking  examples  of  great  economy  and 
perfect  combustion  would  have  considerable  effect  in  directing  the 
attention  of  these  parties  to  a  due  consideration  of  their  own  interest 
and  of  the  pubUc  welfare.     The  report  then  went  into  a  minute 
description  of  the  relative  proportions  of  furnaces,  boilers,  flues,  and 
chimneys,  in  this  and  other  districts,  from  which  we  select  the  fol- 
lowing points.     In  Manchester,  the  usual  proportion  of  the  area  of 
the  Are  bars  to  the  heating  surface  of  the  boiler  is  about  1  to  11,  or 
100  square  inches  to  8  square  feet  of  flue  per  horse  power.     In 
a  well  proportioned  boiler,  on  the  plan  usually  adopted  in  this  district, 
a  pound  of  moderately  good  coal  will  evaporate  about  7 '461b  of 
water,  being  nearly  the  maximum  duty  effected  here.     A  number 
of  experiments  had  been  made  upon  engines  in  this  town,  the  re- 
sults of  which  were  given  in  a  table  exhibited  to  the  meeting,  speci- 
fying the  nominal  power  of  each  engine,  the  power  at  which  it  was 
worked,  the  proportion  of  heating  surface  to  the  grate  bars,  the 
height  of  the  chimney,  the  consumption  of  fuel  per  horse  power, 
and  some  other  particulars,  cone  of  which,  however,  seemed  to 
throw  much  light  upon  the  great  question  of  economical  combustion. 
The  greatest  consumption  of  coal  (131b  per  horse  power  per  hour) 
was  in  an  engine  of  45  horse  nominal  power,  worked  up  to  76 
horse,  and  having  the  grate  bars  in  the  proportion  of  1  to  10*87  of 
the  heating  surface  of  the  boilers.    The  smidlest  consumption  (8 '81b 
per  hour)  was  in  an  80-horse  engine  worked  to  110  horse,  and 
having  its  grate  bars  in  the  proportion  to  the  flues  of  1   to  12*70. 
The  second,  in  point  of  economy,  however,  (9*  lib  per  hour),  had  the 
smallest  proportion  of  heating  surface  of  the  whole  number  experi- 
mented upon.     The  general  average  of  the  consumption  of  coal  was 
10'5dlb   per   horse   power  per  hour.     That  this   was  far  beyond 
what  it  ought  to  be,  was  exhibited  by  the  fact,  that  the  average  con- 
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sumption  of  the  best  Cornish  engines  was  only  2|lb  p^  hour — 
something  less  than  one  fourth  of  the  amount  in  this  neighbourhood. 
The  report  proceeded  to  detail  the  results  of  some  experiments  on 
the  comparative  consumption  of  coal  in  a  furnace  to  which  Mr. 
Williams's  apparatus  for  the  consumption  of  smoke  had  been  applied, 
when  that  apparatus  was  at  work,  and  when  it  was  thrown  out  of 
use.  Some  of  these  experiments  appeared  to  be  vitiated  bj  the 
want  of  a  perfect  closing  of  the  air  passages  when  the  apparatus  was 
not  used.  Further  experiments  were  consequently  tried  with  the 
air  passages  open  at  one  time,  and  at  another  closed  by  a  brick  wall. 
The  result  was,  that  the  average  consumption  vrith  the  apparatus 
at  work,  was  2761b  per  hour,  and  with  the  air  passages  effec- 
tually closed,  dOS^lb  per  hour;  showing  a  difference  of  32^1b 
per  hour  in  favour  of  Mr.  Williams's  plan,  or  a  saving  of  rather 
more  than  10  per  cent.  The  report  stated,  in  conclusion,  that 
there  could  not  be  the  slightest  doubt  about  the  practicability  of  abat- 
ing the  nuisance  of  smoke  so  much  complained  of  in  this  and  other 
districts. 

The  reading  of  the  report  of  the  committee,  and  the  explanations 
of  the  different  plans  of  consuming  fuel  which  followed,  gave  rise  to 
a  very  long  discussion,  of  which  we  only  present  a  few  of  the  leading 
points  to  our  readers. 

Mr.  C.  W.  Williams  said,  that,  in  considering  the  questions  of 
the  most  economical  combustion  of  fuel,  and  the  prevention  of 
smoke,  it  would  be  well  to  discard  all  consideration  of  the  boilei^, 
and  the  generation  of  steam,  which  were  apt  to  introduce  complexity 
and  uncertainty  into  the  inquiry.  The  question  first  to  be  considered 
was,  how  the  most  perfect  combustion  could  be  attained  ;  how,  from 
a  given  quantity  of  fuel,  the  greatest  quantity  of  water  and  carbonic 
acid  could  be  produced,  and  the  public  nuisance  of  smoke  could  be 
best  abated.  The  application  of  the  heat  obtained  to  a  boiler  with 
the  view  of  evaporatuig  the  greatest  quantity  of  water  was  a  separate 
question,  and  should  have  an  entirely  separate  consideration.  With 
respect  to  perfect  and  imperfect  combustion,  he  thought  the  whole 
subject  was  explained  by  the  little  instrument  he  held  in  his  hand 
(a  short  piece  of  copper  gas  tubing,  with  an  argand  burner  at  one 
end).  Supposing  a  stream  of  gas  to  pass  through  the  tube,  if  he 
took  off  the  burner,  and  set  fire  to  the  gas,  there  was  imperfect 
combustion,  and  a  large  emission  of  smoke ;  if  he  put  on  the  burner,, 
so  as  to  cause  the  gas  to  issue  in  a  thin  sheet,  and  thus  receive  an 
abundant  supply  of  oxygen,  there  was  a  perfect  combustion  and  an 
entire  absence  of  smoke.  He  thought  that  patentees  who  came 
forward  to  ask  the  public  to  patronise  their  inventions  should,  like 
himself,  explain  the  mode  of  their  operation ;  and  he  would  beg  to 
ask  Mr.  Juckes  what  was  the  chemical  operation  of  the  plan  which  I 
he  had  submitted. — Mr.  Juckes  said  he  was  no  chemist :  he  could  i 
only  refer  to  the  results  of  his  patent. — Mr.  Williams  said  he.doubted 
whether  mere  experimental  results  could  be  at  all  satisfactory.     He 


5-— 1_ 


Meeting  of  the  Briiiih  Association. 

believed  there  was  not  one  of  the  plans  for  preventing  smoke,  which 
had  been  submitted  to  the  public,  that  would  not  answer  the  purpose 
when  it  was  carefully  worked ;  and,  as  to  the  saving  of  ftiel,  the 
difference  between  a  dry  and  a  moist  day,  between  large  coal  and 
small,  between  judicious  and  injudicious  firing,  would  easily  make  a 
difference  of  ten  or  fifteen  per  cent,  in  the  consumption. — Mr.  West, 
of  Leeds,  said  that  the  great  point  for  consideration  was  the  preven- 
tion of  the  public  nuisance  arising  from  smoke :  he  had  recently 
paid  great  attention  to  this  subject ;  he  had  seen  nine  plans  for 
effecting  it  in  actual  and  successful  operation ;  he  was  perfectly 
satisfied,  that,  by  the  adoption  of  any  one  of  them,  nine-tenths,  if 
not  ninety-nine-hundreths,  of  the  smoke  now  made  might  be  pre-  f 

vented,  to  the  great  advantage  of  the  owners  of  steam-engines,  as 
well  as  of  the  pubHc. — Mr.  Henry  Houldsworth  said  that,  for  six 
months  past  he  had  practical  experience  of  the  working  of  Mr. 
Williams's  patent,  which  he  had  applied  to  six  different  furnaces  ; 
and  he  could  now  say  confidently,  from  Ihe  results  of  that  experience, 
that  without  any  particular  trouble  or  care  of  management,  it  would 
prevent,  at  the  very  least,  three-fourths  of  the  smoke  which  was 
now  made.  He  did  not  doubt  that  other  inventions  might  be  equally 
efiectual  when  they  were  carefully  managed  ;  but  he  preferred  Mr. 
Williams's,  because  of  its  extreme  simplicity,  depending  as  it  did 
solely  on  the  admission  of  air  in  a  proper  manner,  without  any  of 
those  mechanical  contrivances,  worked  by  some  moving  power, 
which  many  other  plans  contained.  There  was  one  fact  connected 
with  Mr.  WilUams's  patent,  which  he  considered  of  some  importance, 
which  he  would  communicate  to  the  section.  He  had  that  morning 
fitted  up  a  contrivance  for  ascertaining  the  comparative  temperature 
of  flues  under  different  circumstances,  which  had  not  previously 
been  very  satisfactorily  ascertained.  Mr.  Williams  had  used  a  ther- 
mometer, inserted  in  a  bar  of  iron,  which  was  placed  in  a  flue ;  but 
he  (Mr.  Houldsworth)  was  not  satisfled  with  that  plan,  and  had  y 

passed  a  copper  wire  through  the  flue  from  one  end  to  the  other. 
This  was  kept  in  a  state  of  tension  by  a  weight,  and  by  its  expan- 
sion or  contraction,  acted  upon  an  index,  which  would  give  a  veiy 
correct  measure  of  the  relative  temperature.  He  had  tried  some 
experiments  with  it  that  morning,  and  had  obtained  veiy  striking 
and  important  results.  It  had  generally  been  supposed,  that,  when 
there  was  a  perfectly  red  ^xe  in  the  furnace,  and  when  no  smoke 
was  generated,  the  admission  of  cold  air  at  the  bridge  would  do 
harm  instead  of  good,  by  reducing  the  temperature  in  the  flues. 
He  had,  however,  tried  the  experiment  that  morning.  After  hav- 
ing the  air  passages  closed  for  some  time,  he  had  opened  them  when 
the  coals  on  the  fire  were  perfectly  charred,  and  found  an  imme- 
diate and  decided  increase  of  temperature  in  the  flue.  The  increase 
of  temperature  was  certainly  most  striking  if  the  air  passages  were 
opened  shortly  after  a  large  quantity  of  fresh  fbel  had  been  put  on  ;  but 
at  all  times  he  found  there  was  an  increase  when  the  air  was  admitted, 
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and  a  decrease  when  it  was  excluded.  If  any  members  of  the  asso- 
ciation would  do  him  the  farour  to  call  at  his  works,  he  should 
have  great  pleasure  in  showing  the  apparatus  and  its  working. — 
Mr.  Williams  said,  he  was  exceedingly  glad  to  hear  of  Mr.  Houlds- 
worth's  inyention :  a  good  pyrometer  was  very  much  wanted. — In 
answer  to  a  question  from  Mr.  £.  Corbett,  Mr.  Houlds worth  stated 
that,  in  one  experiment,  about  three  cwt.  of  coals  were  thrown  upon 
the  fire  at  once,  so  as  to  produce  a  thick  black  smoke  ;  when  the  air 
passages  were  closed,  that  smoke  was  immediately  dissipated  by 
opening  them,  and  the  temperature  rose  rapidly.  On  closing  them 
again,  the  smoke  returned,  and  the  temperattire  as  rapidly  declined. 
— ^Mr.  Taylor  (the  treasurer  of  the  association)  said,  the  subject  be- 
fore the  section  was  undoubtedly  of  great  importance  to  the  manu- 
fkcturers  of  this  district ;  for  they  had  already  heard  from  Mr.  Fair- 
bairn,  that,  whilst  the  average  consumption  of  ten  engines  in 
Manchester  was  lO^lb  of  coal  per  horse  power,  per  hour, 
the  average  consumption  in  the  Cornish  engines  was  only  2^1b, 
so  that  they  did  as  much  work  with  one  pound  of  CQ<d  as  a 
Manchester  manufacturer  did  with  four  pounds ;  and  at  the  same 
time  they  made  very  little  smoke.  In  the  parish  of  Wamup,  with 
which  he  was  connected,  there  were  twenty-five  engines,  all  of  very 
large  power,  from  the  chimneys  of  which  very  little  smoke  would  be 
seen.  He  did  not  know  that  they  adopted  any  contrivance  for  the 
prevention  of  smoke,  beyond  that  of  admitting  air  at  the  bridge : 
but  they  gave  plenty  of  furnace  room  and  plenty  of  boiler  room,  and 
made  a  rule  of  keeping  their  fires  bright,  and  of  cokeing  all  their 
coal  in  the  front  of  the  furnace.  The  great  source  of  tiieir  supe- 
riority was,  however,  in  his  opinion,  to  be  found  in  the  fact,  that  as 
the  engines  were  all  employed  in  pumping  water,  it  was  exceedingly 
easy  to  ascertain  the  amount  of  work  which  each  engine  performed 
witii  a  given  quantity  of  coal.  This  was  invariably  recorded  and 
published,  and  it  produced  great  emulation  amongst  the  engine- 
makers,  the  proprietors,  and  the  workmen,  each  of  whom  was 
ashamed  of  being  outdone  by  his  neighbour  ;  and  from  their  joint 
care  and  exertions,  and  most  especially  from  those  of  the  workmen 
employed,  resulted  that  extraordinary  economy  of  which  the  section 
had  just  heard. — Mr.  Richard  Roberts  said  he  quite  agreed  with 
Mr.  Taylor,  that  with  due  care  on  the  part  of  the  fireman,  a  sufiicient 
area  of  grate,  and  sufficient  boiler  room,  smoke  might  be' prevented 
widiout  resorting  to  any  particular  contrivances. — ^Afler  some 
further  discussion,  in  which  Mr.  Edmund  Ashworth,  Mr.  Webbe 
Hall,  Mr.  Joshua  Milne,  and  other  gentlemen  took  part,  Mr. 
Jeremiah  (jamett  said,  he  could  not  permit  the  discussion  to  close 
without  directing  attention  to  one  fact,  namely,  that  although  they 
had  a  variety  of  opinions  about  the  best  mode  of  preventing  smoke, 
no  one  among  the  many  scientific  men  and  manufacturers  present 
intimated  the  slightest  doubt  that  smoke  might  be  prevented,  and 
the  nuisance  which  so  greviously  affected  Manchester  and  its  neigh- 
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bourbood,  if  not  entirely  removed,  might  be  exceedingly  diminished. 
If,  therefore,  parties  working  steam-engines  would  neither  consult 
their  own  interests  nor  consider  the  public  welfare,  he  trusted  the  legis- 
lature would  interfere  and  compel  them.  There  was  one  point  adverted 
to  by  Mr.  Taylor  and  Mr.  Roberts,  on  which  he  would  say  a  few 
words,  as  it  might  do  harm  out  of  doors.  They  had  mentioned  an 
abundance  of  grate  and  boUer  room,  as  a  means  of  preventing  the 
nuisance  of  smoke,  and  no  doubt  it  was  so.  But  there  was  a  danger 
that  parties  who  were  deficient  in  those  respects  might  plead  that 
deficiency  as  an  excuse  for  continuing  the  nuisance.  Tt  was  there- 
fore necessary  to  remind  the  section,  that,  though  desirable,  an 
abundance  of  grate  and  boiler  room  was  not  necessary  to  the 
prevention  of  smoke.  He  knew  from  Mr.  Houldsworth,  that  the 
very  successful  experiments  made  by  him  were  made  upon  engines 
which  were  very  limited  in  those  respects.  What  had  been  done 
by  Mr.  Houldsworth  could  be  done  by  any  other  parties ;  and, 
therefore,  those  who  continued  to  poison  their  neighbours  with 
smoke  were  without  excuse. 

The  section  was  then  adjourned  to  the  following  day. 

(To  be  continued). 


Voltaic  Pile  of  Plate  Iron.     By  M.  Wohler.* 

Professor  Poooendorff  has  shown  that  the  expensive  platinum 
plates  in  Grove's  Battery,  may  be  substituted  by  plates  of  iron, 
without  much  diminution  of  power :  and  the  subsequent  rese^arches 
of  Wohler  and  Weber  have  showtl  that  plates  of  iron  may  also 
substitute  the  plates  of  amalgamated  zinc.  These  philosophers 
thought  that  iron  in  the  concentrated  nitric  acid  would  operate  with 
iron  in  the  diluted  sulphuric  acid  as  the  platinum  to  the  amalgamated 
zinc  in  the  original  battery  of  Grove.  It  is  said  that  this  view  of 
the  action  has  been  verified  by  means  of  a  pile  constructed  with  iron 
and  these  two  liquids  ;  which  the  projectors  have  found  to  possess 
great  power ;  a  circumstance  of  great  interest,  whether  viewed  with 
reference  to  the  theory  of  the  voltaic  pile  in  general,  or  to  the  voltaic 
action  of  iron  in  particular.  Every  one  will  now  be  able  to  make 
a  voltaic  pile,  of  great  power  and  constant  action,  at  a  trifling 
expense  :  it  being  only  necessary  to  procure  a  few  curved  plates  of 
iron  and  porous  earthen  cylinders.  The  concentrated  nitric  acid  is 
the  only  article  of  much  expense. 

The  plates  should  be  cut  from  strong  unoxidized  iron,  bent  into 
cylindrical  forms,  and  those  of  each  pair  united  by  a  metallic  strip. 
The  smaller  cylinder  is  placed  in  an  earthen  pot  containing  the  nitric 
acid ;  and  the  larger  iron  cylinder  is  placed  in  a  glass  goblet  con- 
taining diluted  sulphuric  acid,  in  the  centre  of  which  is  also  placed 

*  Extract  from  lAebig^t  Journal. 


On  Metallic  Acids,  139 

the  former  part  of  the  apparatus.  The  larger  iron  cylinder  exposes 
only  about  three  square  inches  of  surface ;  yet  two  pairs  of  this 
description,  is  sufficient  to  heat  to  whiteness  two  inches  of  fine 
platinum  wire,  and  to  decompose  water  very  rapidly  !  !  ! 

There  is  a  trifling  liberation  of  hydrogen  gas  at  the  plate  immersed 
in  the  sulphuric  acid ;  but  it  may  be  avoided  by  having  the  iron 
tinned.  The  coat  of  tin  on  the  iron  answers  to  mercury  on  the 
surface  of  zinc,  and  produces  a  similar  effect :  it  seems  even  pre- 
ferable ! ! !  Probably  the  apparatus  would  be  better  if  made  of  cast 
iron.  The  porous  cylinders  which  are  employed  in  this  battery  are 
those  made  at  Berlin,  and  are  of  excellent  quality,  and  apparently 
of  calcined  porcelain.  When  these  cannot  be  had,  they  may  be 
substituted  by  Hessian  crucibles. 

The  nitric  acid  employed  in  this  battery  should  be  sufficiently 
concentrated  to  prevent  its  attacking  the  iron.  A  mixture  of  one 
part  of  fuming  nitric  acid,  and  one  and  a  half  of  common  nitric  acid, 
will  answer  very  well. 

Note. — This  is  not  the  first  time  of  our  hearing  of  voltaic  batteries 
of  ''  constant  action^'*  with  iron  as  the  only  metal ;  and,  we  believe, 
all  of  them  have  been  planned  from  the  idea  of  nitric  acid  of  a 
certain  strength  not  acting  on  iron  :  without  ever  considering  that 
the  acid  by  voltaic  action  soon  becomes  altered.  But  this  is  the 
first  time  of  our  hearing  of  the  substitution  of  tinned  iron  for 
amalgamated  zinc  ! ! ! — Edit. 


On  Metallic  Acids.     By  M.  £.  Fremy. 
(Abstract  from  a  Memoir  read  before  the  Academy  of  Sciences).* 

From  a  genera]  examination  of  the  metallic  acids,  I  have  been 
led  to  the  discovery  of  some  new  compounds  of  metals  and  oxygen, 
and  consequently  of  new  salts,  some  of  which  are  remarkable  for 
their  beautiful  crystalline  forms.  The  metallic  acids  may  be  classi- 
fied under  two  distinct  heads  :  the  first  of  which  comprehends  all 
those  which  are  formed  by  the  immediate  combination  of  metals 
with  oxygen,  and  are  soluble  in  the  alkalies  at  common  tempera- 
tures. The  second  class  consists  of  those  acids  which  are  formed 
by  the  combined  action  of  an  alkali,  an  oxydizing  body,  and  a  me- 
tallic oxide,  when  simultaneously  in  contact  with  one  another. 

These  two  classes  of  metallic  acids,  display  properties  essentially 
different  from  each  other.  Those  of  the  first  class  are  generally 
stable;  and  in  combination  with  certain  bases  are  productive  of 
well-defined  crystallized  salts.  The  second  class,  on  the  contrary, 
auffer  partial  decomposition  by  a  loss  of  oxygen,  when  exposed  to 
the  feeblest  influences. 

To  give  an  example  of  the  first  class  of  these  acids,  I  have  se- 
lected the  last  combination  of  tin  with  oxygen,  which  has  obtained 

*  Comptes  Rendus. 
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the  appellation  of  stannie  acid.  The  second  class  of  metallic  acids 
I  shall  illustrate  by  a  new  compound  of  iron  with  oxygen,  which  I 
have  named  ferric  acid.  In  making  these  selections  of  acids,  into 
which  the  known  important  metals  enter  as  essential  elements,  I 
have  been  desirous  of  showing  that  similar  compounds  are  obtain- 
able with  metals  less  frequent  to  observation. 

I  have  commenced  with  the  examination  of  Jerrie  acid,  and  have 
given  a  minute  description  in  my  memoir  of  the  different  processes 
by  which  I  have  obtained  the  ferrates.  The  compounds  of  ferric 
acid  with  bases  may  be  formed  either  by  the  dry  or  by  the  humid 
way.  The  dry  method  is  simply  that  of  calcining  the  peroxide  of 
potassium  with  a  sesquioxide  of  iron,  in  any  vessel  not  operated  on 
by  the  produced  ferrate.  The  ferrate  of  potassa  may  be  easily  ob- 
tained by  the  dry  process,  by  throwing  ten  parts  of  dry  powdered 
nitre  on  five  parts  of  red  hot  iron  filings.  The  red  mass  thus  ob- 
tained contains  a  large  share  of  ferrate  of  potassa.  I  have  obtained 
the  ferrate  of  potassa,  by  the  humid  process  by  availing  myself  of 
the  results  of  M.  Bertheir's  experiments,  which  show  the  action  of 
chlorine  on  the  metallic  oxides.  I  transmit  chlorine  through  a  con- 
centrated solution  of  potassa,  which  holds  the  hydrate  of  peroxide  of 
iron  in  suspension.  By  these  means  the  ferrate  of  potassa  is  pro- 
duced. 

In  this  part  of  my  memoir  I  enter  into  some  details  on  the  action 
of  chlorine,  and  strong  solutions  of  potassa ;  and  show,  in  this  case, 
contrary  to  the  general  opinion,  that  there  is  no  formation  of  chlo- 
rate of  potassa  and  chloride  of  potassium ;  but  that  there  is  formed 
a  peculiar  compound,  which  I  have  named  potasse  chioree,  which  at 
a  slight  elevation  of  temperature  becomes  resolved  into  chloride 
of  potassium,  oxygen,  and  potassa.  It  is  this  compound  which, 
by  reacting  on  the  hydrate  of  the  peroxide  of  iron,  gives  rise  to 
the  formation  of  ferrate  of  potassa.  in  my  memoir  I  dwell  upon 
the  influential  action  of  chlorated  potassa,  in  the  production  of  new 
compounds,  constituted  of  metallic  acids  and  suitable  bases;  and,  in 
illustration,  I  prove  that  under  the  influence  of  chlorated  potassa, 
the  oxide  of  copper  becomes  transformed  into  a  new  metallic  acid, 
which  I  have  called  cupric  acid,  and  that  this  acid  forms  a  new 
compound  with  the  potassa.  In  other  respects  it  has  not  been  my 
object  to  pay  particular  attention  to  the  action  of  chlorine  on  the 
alkalies;  this  study  belonging  more  properly  to  those  chemists  .who 
have  recently  brought  to  light  so  much  interesting  matter  in  this 
branch  of  science. 

I  next  proceed  to  an  examination  of  the  properties  of  the  ferrates, 
and  prove  that  heat,  organic  substances,  or  bodies  in  a  state  of  mi- 
nute division,  are  capable  of  decomposing  the  ferrates.  I  also  com- 
pare these  reactions  with  those  which  take  place  in  peroxide  of  hy- 
drogen under  similar  circumstances.  The  composition  of  ferric  acid 
is  represented  by  the  formula  Fe  O^.  This  acid  may  therefore  be 
classed  with  the  chromic,  manganic,  sulphuric,  &c.  By  analysis  I 
prove  that  the  ferrates,  by  whatever  way^  produced,  have  precisely 
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the  same  composition,  bat  that  those  obtained  by  the  dry  process 
are  generally  mixed  with  nitrite  of  potassa,  which  absorbs  oxygen 
at  the  moment  the  ferrate  commences  decomposition,  and  thus  be- 
comes a  nitrate  of  potash. 

Lastly,  I  describe  all  the  experiments  that  I  have  made  whilst  in 
pursuit  of  an  acid  with  a  larger  proportion  of  oxygen  than  is  con- 
tained in  the  ferric  acid,  or  of  an  oxide  corresponding  with  the  per- 
oxide of  manganese.  1  allude  to  the  action  of  the  binoxide  of  ba- 
rium on  the  sesquioxide  of  iron,  and  advance  reasons  which  lead 
to  the  opinion  that,  in  that  case,  there  is  formed  a  compound  of  iron 
and  oxygen,  intervening  sesquioxide  of  iron  and  ferric  acid.  Such 
are  the  various  topics  of  whicn  I  have  treated  in  the  first  part  of  my 
memoir.  The  second  part  is  devoted  to  an  examination  of  stannic 
acid.  I  precede  this  examination  by  reviewing  all  that  has  been 
made  public  concerning  that  acid,  and  especially  the  remarkable 
researches  of  Berzelius,  and  the  interesting  observations  of  Gay 
Lussac  thereon.  'I  also  allude  to  a  note  in  Liebig*s  Joumal,hy  Mr. 
Graham,  in  which  he  explains  the  modification  of  stannic  acid,  pre- 
viously made  known  by  Berzelius.  The  first  experiments  that  I 
made  on  stannic  acid  were  intended  to  ascertain  what  part  it  plays 
in  its  combinations :  for  chemists  have  hitherto  held  different  opi- 
nions respecting  its  influence  in  that  capacity.  Ought  stannic  to  be 
considered  as  an  acid,  or  as  a  base  P  May  it  not  alternately  operate 
as  an  acid  and  as  a  base  ?  I  have  directed  my  attention  to  these  in- 
quiries. 

The  result  of  all  the  experiments  to  which  I  have  submitted  stan- 
nic acid  are  decidedly  unfavourable  to  its  being  considered  as  a 
base.  If,  for  instance,  it  be  formed  by  decomposing  chloride  of  tin 
with  an  insoluble  carbonate,  a  well  developed  acid,  capable  of  red- 
dening turnsole,  is  precipitated.  But  if  the  chloride  of  tin  be  treated 
with  carbonate  of  potassa,  no  stannic  acid  is  produced,  the  result 
being  a  stannate  of  potassa,  which  is  insoluble.  In  examining  the 
compounds  consisting  of  stannic  acid  and  the  ordinary  acids,  I  find 
that  they  ought  not  to  be  regarded  as  salts  of  peroxide  of  tin,  but 
rather  as  combinations  of  stannic  acid  with  those  acids.  It  is 
known  that  chemistry  affords  many  examples  of  combinations 
of  acids  by  which  double  acids  are  formed.  M.  Chevreul 
has  proved  that  stannic  acid  placed  in  contact  with  the 
colouring  matter  of  logwood,  operates  in  the  capacity  of  an  acid; 
whilst  the  metallic  oxides,  properly  speaking,  even  the  peroxide  of 
tin  itself,  operate  in  the  capacity  of  bases.  Hence  the  compound  in 
which  oxygen  unites  with  tin  in  the  highest  degree  should  always  be 
regarded  as  an  acid. 

After  the  examination  of  this  first  topic  in  the  history  of  stannic 
acid,  I  proceed  to  the  consideration  of  its  properties.  The  experi- 
ments which  I  first  describe  are  intended  to  elucidate  the  cause  of 
the  modifications  presented  by  stannic  acid.  The  inquiry  also  ap- 
plies to  other  metallic  acids,  and  gave  rise  to  the  investigations  of 
Berzelius ;  and,  from  its  generality,  involves  a  problem  whose  resolu- 
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tioD  is  of  high  importance.  From  the  results  of  my  experiments  I 
learn  that  the  two  modifications  of  stannic  acid,  are«  in  fact,  distinct 
acids,  to  which  I  have  gi?en  different  names.  To  that  produced  by 
nitric  acid,  I  have  continued  the  name  stannic  acid,  and  that  ob- 
tained from  the  chloride  of  tin  I  name  metastannic  add. 

In  determining  the  proportions  of  water  contained  in  these  two  in- 
insulated  acids,  I  have  ascertained  that  the  metastannic  acid  is  more 
hydrated  than  the  stannic  acid ;  aod  as  the  only  difference  in  their 
constitutions  is  in  the  proportions  of  water  which  they  contain,  it  is 
obvious  that  by  gentle  clessication,  the  metastannic  acid  may  be 
transformed  into  stannic  acid.  Applying  to  these  acids  the  ingeni- 
ous idea  of  Graham,  with  reference  to  phosphoric  acid,  I  was  led  to 
infer  that  the  stannates  and  the  metastannates  would  be  found  to 
differ  from  each  other  only  in  the  proportions  of  base,  which  has 
proved  to  be  the  fact ;  for  by  representing  the  neutral  stannates  by 
the  general  formula,  Sn^  O^  MO,  the  composition  of  the  metastan- 
nates would  be  represented  by  Sn^  O^  ^MO.  Hence,  accordingly 
with  this  hypothesis,  which  I  discuss  at  some  length  in  my  memoir, 
the  stannic  acid  should  be  regarded  as  a  monobasic  acid,  and  the 
metastannic  as  a  tribasic  acid.  The  relation  which  exists  between 
the  stannates  and  the  metastannates,  explains  a  curious  fact  which 
I  have  observed,  viz. :  the  stannates  when  heated  with  an  excess  of 
alkali  become  transformed  into  metastannates.  The  stannates  may 
be  obtained  by  dissolving  the  alkalies  in  cold  stannic  acid  which 
has  been  prepared  by  the  action  of  nitric  acid  on  tin.  The  meta- 
stannates may  be  produced  by  two  distinct  processes.  By  dissolv- 
ing, in  alkaline  solutions,  the  metastannic  acid  which  is  obtained 
from  chloride  of  tin,  by  the  employment  of  an  insoluble  carbonate ; 
and,  secondly,  by  calcining  in  a  silver  crucible,  the  stannic  acid  with 
an  excess  of  base.  The  metastannates  of  potassa  and  of  soda  crys- 
tallize with  facility.  These  compounds  are  not  surpassed,  in  any 
respect,  even  by  the  most  perfectly  defined  salts,  and  probably  are 
the  best  specimens  of  crystalline  structure  exhibited  by  the  combi- 
nations of  tin. 

Whilst  studying  stannic  acid,  I  have  discovered  a  compound  of 
tin  and  oxygen  intervening  the  protoxide  of  tin  and  stannic  acid, 
which  must  not  be  identified  witn  the  sesquioxide  of  tin  recently 
discovered  by  M.  Fuchs.  This  compound  is  obtained  by  treating 
stannic  acid,  at  common  temperatures,  with  protochloride  of  tin. 
The  acid  immediately  assumes  a  fine  orange  yellow  colour,  and  pure 
hydrochloric  acid  remains  in  solution.  This  compound,  whose  pro- 
perties I  have  described  in  my  memoir,  should  be  considered  as  a 
stannate  of  protoxide  of  tin,  corresponding  to  the  molybdate  of  oxide 
of  molybdenum,  to  the  tungstate  of  oxide  of  tungsten,  to  the  chrom- 
ate  of  oxide  of  chrome,  &c. 

Finally :  from  an  examination  of  the  results  obtained  by  the 
decomposition  of  the  stannates  by  heat,  and  extending  the  process 
to  other  metallic  salts,  I  have  arrived  at  the  following  general 
conclusion,  viz. :  certain  combinations  of  metals  with  oxygen  are 
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not  acid,  unless  hydrated;  but  when  thus  acidified,  the  water 
enters  as  a  constituent  element ;  and,  contrary  to  that  which  oc- 
curs with  other  acids  when  combining  with  bases,  it  is  not  dis- 
placed by  them,  but  continues  as  an  essential  part  of  the  resulting 
salt  If  by  an  elevation  of  temperature,  the  metallic  acid  loose  its 
water  whilst  in  combination,  it  will  no  longer  remain  united  with 
bases,  but  is  precipitated  in  the  anhydrous  state. 


On  the  Formation  of  Ferric  Acid,  hy   Voltaic  Electricity, 
By  Professor  J.  C.  Poggendorff.* 

An  examination  of  the  chemical  action  of  the  voltaic  pile  has 
led  me  to  discover  a  novel  fact,  equally  interesting  to  physical  and 
chemical  science.  When  wrought  iron  of  the  best  quality  is  placed 
in  a  solution  of  potassa,  and  united  to  platinum  immersed  in  nitric 
acid,  it  liberates  oxygen  gas  from  the  solution,  without  suffering 
oxidation  itself.  Oxygen  is  also  liberated  in  the  fi^aseous  form,  when 
plumbago,  platinum,  palladium,  gold,  nickel,  cobalt,  or  tin,  is  sub- 
stituted for  the  iron.  Silver,  copper,  antimony,  bismuth,  lead,  cad- 
mium, and,  what  is  still  more  remarkable,  even  zinc,  liberates 
gaseous  oxygen  :  though,  not  without  suffering  a  partial  oxidation, 
and  consequent  alteration  on  the  surface  of  the  metals.  Silver  and 
lead,  which  soon  become  covered  with  a  film  of  black  oxide,  are 
striking  examples  of  this  action ;  and  it  is  not  until  afUr  this  cover- 
ing is  formed,  that  these  metals  liberate  oxygen  gas. 

With  cast  iron,  which,  by  accident,  I  was  Ted  to  use  in  my  experi- 
ments, the  case  is  very  different.  This  metal  is  immediately  en- 
veloped in  a  wine-red  coloured  cloud,  which  gradually  expands  till 
the  whole  of  the  liquid  assumes  a  red  tint ;  growing  darker  as  the  vol- 
taic action  proceeds,  and  eventually  becomes  of  a  deep  brown  colour, 
approaching  perfect  opacity,  excepting  at  the  edges,  where  the  light 
still  shows  the  beautiful  medocf  colour.  The  concentration  of  the 
alkaline  solution  appears  to  be  of  little  consequence  in  the  production 
of  this  phenomenon.  I  have  produced  it  in  all  its  splendour  and 
beauty  in  a  solution  of  one  part  of  hydrate  of  potassa  in  four 
parts  of  distilled  water. 

By  a  close  examination  of  the  alkaline  solution,  a  feeble  crack- 
ing noise  amongst  the  air  bubbles  will  be  heard ;  and,  at  the  same 
time,  a  change  of  colour  in  the  liquid  will  be  observed  to  be  taking 
place.  The  colour  assumes  a  reddish  brown,  which  gradually  be- 
comes deeper,  but,  in  about  half  an  hour,  the  colouring  matter  having 
all  fallen  to  the  bottom  of  the  vessel,  the  liquid  becomes  quite 
colourless.  A  continnance  of  the  electric  current  does  not  prevent, 
nor  even  retard  this  change ;  for  it  commences  and  goes  on  whilst 

*  Annalen  der  Phynk  und  Chemie* 

t  The  French  name  for  a  beantifal  red  coloured  flint  pebble,  found  in 
Madoe. — Edit. 
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the  voltaic  action  of  the  iron  and  platinum  is  in  full  vigour.  If  the 
solution  be  heated  to  the  boiling  point,  the  precipitation  of  the 
coloured  matter  takes  place  immediately.  Zinc  immersed  in  the 
red  liquor,  also  accomplishes  precipitation^  and,  in  a  short  time, 
the  liquor  becomes  colourless. 

At  first,  I  was  inclined  to  attribute  this  phenomenon  to  the  pre- 
sence of  manganese  in  the  iron ;  but  from  a  close  examination  of 
the  circumstances  under  which  it  was  exhibited,  and  more  especially 
from  a  chemical  analysis  of  the  brown  precipitate,  in  which  nothing 
but  oxide  of  iron  could  be  detected,  I  am  led  to  infer  that  the  colour- 
ing of  the  liquid  was  due  to  the  formation  of  ferric  acid ;  or  rather 
to  that  of  ferrate  of  potassa.  The  production  of  ferrate  of  potassa, 
under  these  circumstances,  may  be  easily  explained.  It  may  be  at- 
tributed to  a  predisposition  of  the  oxygen  to  combine  with  the  iron, 
by  which,  and  the  influence  of  an  electric  current,  ferric  acid 
would  result :  which,  at  the  moment  of  its  formation,  would  com- 
bine with  a  portion  of  the  potassa  of  the  solution  ;  or  the  electric 
current  may,  in  the  first  place,  enhance  the  affinity  between  oxygen 
and  potassium,  and  thus  give  rise  to  the  formation  of  peroxide  of 
potassium,  and  afterwards  to  the  ferrate  of  potassa.  This  latter 
explanation  appears  to  be  correct,  from  the  fact  that,  if  ammonia 
be  used,  ferric  acid  is  not  obtained.  The  phenomenon  is  interesting 
on  two  accounts :  first,  because  we  are  now,  by  the  aid  of  voltaic 
electricity,  enabled  to  form  an  acid  with  facility,  which  M.  Fremy, 
its  first  discoverer,  and  other  chemists,  have  hitherto  obtained  by 
purely  chemical  means,  only  with  greater  difficulty :  and  secondly, 
because  it  is  obtainable  only  by  the  employment  of  cast  iron,  and 
not  by  wrought  iron. 

This  latter  circumstance  is  certainly  very  enigmatical.  I  have 
entered  into  extensive  experimental  inquiries  for  the  purpose  of  as- 
certaining the  cause ;  but^  hitherto,  without  success.  I  have  never 
been  able  to  produce  ferric  acid  by  employing  either  wrought  iron 
or  steel ;  neither  have  I  been  successful  with  every  kind  of  cast 
iron.  I  have  employed  four  kinds,  but  with  two  of  them  only  have 
I  succeeded.  This  difference  in  the  results,  by  the  employment  of 
different  kinds  of  iron,  seemed  for  some  time,  to  be  attributable  to  a 
difference  in  the  force  of  the  electric  currents ;  but  from  a  com- 
parison of  the  electric  forces  given  by  a  pile  in  which  wrought  iron 
was  one  of  the  metals,  with  those  by  a  pile  into  which  east  iron  en- 
tered as  an  element,  I  found  that  only  a  very  trifling  superiority  was 
due  to  the  latter :  that  by  which  ferric  acid  was  producible. 

By  lengthening  the  conducting  wire  of  the  cast  iron  battery,  I  re- 
duced the  power  of  the  current  to  below  that  of  the  wrought  iron 
battery ;  but  the  ferric  acid  was  no  less  produced  by  the  former 
though  not  by  the  latter. 

In  a  theoretical  point  of  view,  the  g^eat  similarity  in  the  force  of 
the  currents  produced  by  the  two  kinds  of  iron  battery,  appears  to 
me,  to  be  an  interesting  circumstance :  for  whether  the  liberated 
body  (in  this  esse  oxygen),  be  insulated  and  in  a  free  state,  or  it  be 
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combined  with  the  metals,  the  force  of  the  current,  and  the  electro- 
motive power,  seem  not  to  be  affected.  This  fact  is  very  unfavourable 
to  the  opinions  of  Grove  and  others,  who  think  that  water  is  more 
easily  decomposed  by  the  electric  current  when  oxygen  combines 
with  the  positive  metal  of  the  pile.  At  least,  it  is  favourable  to 
nothing  further  than  the  generally  received  opinion  that,  in  the 
chemical  combination  of  two  bodies,  there  is  a  great  quantity  of 
electricity  brought  into  action.  It  is  to  be  understood,  however, 
the  current  must  have  a  certain  degree  of  intensity  for  the  produc- 
tion of  ferric  acid.  I  immersed  two  plates  of  cast  iron  in  a  solution 
of  potassa,  and  afterwards  united  them  to  the  metals  of  one  of 
Grove's  simple  piles,  but  in  consequence  of  the  small  dimensions  of 
the  pile  the  current  was  too  feeble  to  produce  any  more  than  a 
very  small  trace  of  ferric  acid.  On  the  positive  plate,  however,  there 
was  attached  a  small  portion  of  oxide,  an  incident  I  have  never  had 
to  occur  on  wrought  iron ;  and  proves  that,  under  these  circum- 
stances, cast  iron  has  a  greater  tendency  to  oxidize  than  wrought 
iron. 

In  general,  cast  iron,  and  especially  that  kind  by  which  ferric 
acid  is  most  abundantly  produced,  is  more  soluble  in  acids  than 
wrought  iron  :  probably  in  consequence  of  the  particles  of  carbon 
which  are  intermixed  with  it  producing  voltaic  action,  and  thus 
facilitating  its  solution ;  as  in  tne  case  with  commercial  zinc,  the 
impurities  of  which  cause  it  to  dissolve  more  readily  than  pure  dis- 
tilled zinc ;  and  it  is  possible  that  the  production  of  ferric  acid,  by 
cast  iron,  may  be  traced  to  the  same  cause. 

An  increase  of  intensity  in  the  current,  to  a  certain  extent,  at 
least,  does  not  interfere  with  the  production  of  ferric  acid.  A  cur- 
rent from  two  of  Grove's  batteries,  transmitted  through  a  solution 
of  potassa,  between  cast  iron  terminals,  produces  a  rapid  formation 
of  ferric  acid.*^  This  mode  of  obtaining  the  acid,  I  consider  prefer- 
able to  that  which  I  first  resorted  to ;  as  it  is  not  necessary  to  put 
the  solution  of  potassa  in  contact  with  an  argillaceous  vessel,  which, 
consequently,  prevents  it  from  becoming  impure,  and  the  vessel  from 
destruction,  which  invariably  happens  when  employed.  I  must 
here  state,  however,  that  this  process  is  attended  with  some  little 
inconvenience,  arising  from  the  loss  of  a  portion  of  the  ferric  acid, 
by  decom|K)sition  at  the  negative  terminal  metal.  This  loss,  how- 
ever, is  amply  compensated  by  the  superabundance  of  acid  which  is 
formed  at  the  positive  cast  iron  terminal.  1  have  called  the  loss 
sustained  at  the  negative  terminal  a  trifling  one,  which,  to  some  per- 
sons may  probable  appear  an  inappropriate  description,  by  supposing 
that  as  much  ferric  acid  would  be  decomposed  at  the  negative  ter- 
minal as  is  formed  at  the  positive  one ;  but  this  is  not  the  case. 

*  A  cnrions  modification  of  thi«i  process  is  made  by  employing  one  cant 
iron  plate,  and  one  of  wronght  iron.  When  the  latter  is  the  positive  ter- 
minal in  the  alkaline  solution,  oxygen  gas  will  be  liberated ;  bat  when  the 
former  is  made  the  positive  terminal,  ferric  acid  will  be  found. 

K 
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There  is  always  a  greater  proportion  of  hydrogen  than  of  iron 
liberated  at  the  negative  pole  ;  hence,  a  greater  proportion  of  water 
than  of  ferric  acid  is  decomposed. 

On  the  other  hand,  notwithstanding  the  formation  of  ferric  acid, 
however  abundant,  oxygen  gas  is  invariably  liberated  at  the  posi- 
tive terminal  plate;  and  this  occurs  under  all  circumstances, 
whether  we  employ  a  battery  or  only  a  single  voltaic  pair ;  but,  in  all 
cases  the  battery  liberates  the  greater  quantity  of  oxygen  gas :  it  is 
therefore  possible  that,  by  a  sufficient  increase  of  intensity  of  the 
current,  oxygen  gas  only,  and  no  ferric  acid  would  appear,  even 
with  cast  iron  terminals.  This  copious  liberation  of  oxygen  gas  is 
very  unfavourable  for  ascertaining  the  composition  of  ferric  acid 
obtained  by  the  employment  of  voltaic  electricity. 

We  may  rest  assured,  however,  that  the  quantity  of  oxygen  deter- 
mined at  the  positive  terminal  metal,  is  the  equivalent  of  the  hydro- 
gen liberated  at  the  negative  terminal;  and  if  the  former  were 
wholly  to  combine  with  the  iron  (whether  permanently  or  not,  would 
be  of  little  consequence),  the  quantity  of  liberated  hydrogen  would 
be  a  representative  of  the  quantity  of  oxygen  in  the  ferric  acid ;  and 
by  deducting  the  oxygen  from  the  weight  of  the  oxide  formed,  the 
quantity  of  iron  in  the  compound  would  be  determiued.  But  the 
liberation  of  oxygen  gas,  and  the  uncertainty  of  its  being  xchoUy 
engaged  in  the  formation  of  ferric  acid,  precludes  the  possibility  of 
applying  this  process  of  analysis. 

The  ferric  acid  being  susceptible  of  decomposition  in  so  eminent 
a  degree,  by  the  feeblest  influences,  I  have  not  attempted  the  insu- 
lation of  either  itself,  or  its  salt.  If  there  be  a  possibility  of  their  in- 
gnlation,  it  can  be  accomplished  at  low  temperatures  only. 

In  conclusion,  I  think  there  is  a  probability  of  ferric  acid  being 
fonnd,  ready  formed  in  nature,  and  constituting  the  colouring 
matter  of  the  amethyst,  in  which,  besides  silica  and  a  trace  of 
manganese,  iron  has  also  recently  been  discovered. 


On  the  Preparation  of  CahmeL     By  M.  Sonberian.* 

Tn  France  and  in  England,  medical  practitioners,  with  verjr  few 
exceptions,  administer  that  calomel  which  is  prepared  by  steam  :  for' 
they  find  it  more  active  and  more  certain  in  its  effects  than  that 
prepared  by  other  means.  The  method  of  preparing  this  calomel 
is  that  shown  by  Joseph  Jewel,  modified  by  M.  Ossian  Henry,  and 
consists  in  conducting  a  mixture  of  steam  and  the  vapour  of  calomel 
into  a  capacious  receiver  :  a  process  carried  on  in  France  to  a  great 
extent.  I  have  practised  this  process  for  many  years  at  the  Phar^ 
made  Centrales  but  by  no  means  approve  of  it :  for  it  is  difficult  to 
condoct,  requires  much  dexterity  of  manipulation,  and  is  frequently 
attended  with  accidents,  by  which  a  considerable  portion  of  the 

*  Comptes  Rendoi. 
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product  is  lost.  Moreover,  the  calomel  prepared  in  France  is 
neither  so  white  nor  in  such  a  fine  pulverulent  state  as  that  which  we 
receive  from  England. 

I  have  now  to  communicate  to  the  Academy,  a  novel  process  for 
preparing  calomel,  which  is  very  superior  to  any  hitherto  made 
known.  It  is  of  a  peculiar  character,  and  as  it  is  applied  to  the 
production  of  an  article  in  which  we  have  never  yet  been  enabled  to 
compete  with  the  English  manufacturer,  I  hope  the  Academy  will 
not  think  the  description  of  it  an  intrusion  on  their  attention. 

Instead  of  the  vapour  of  water  being  interposed  between  the 
particles  of  the  vapour  of  calomel,  which  prevents  them  from 
uniting,  as  in  the  steam  process,  I  substitute  a  cuxrent  of  air,  which, 
by  passing  over  the  heated  calomel,  enters  its  vapour  as  it  forms, 
and  causes  it  to  condense  in  an  impalpable  powder.  I  heat  the 
calomel  in  an  earthen  tube,  which  passes  through  a  furnace,  and 
through  the  heated  tube  I  propel  a  current  of  air,  by  means  of  a 
small  blowing  apparatus,  which  mixes  with  the  vapour,  and  is  driven 
with  it  into  the  receiver.  Should  the  tube  be  perfectly  straight,  a 
portion  of  the  calomel  would  be  carried  to  the  distance  of  twenty 
yards :  but  to  prevent  this  inconvenience  I  bend  the  further  end  of 
the  tube,  so  that  it  may  terminate  in  a  vessel  of  water ;  the  calomel 
thus  received  by  the  water,  deposits  in  a  fine  powder,  and  the  end 
in  view  is  accomplished.  To  perfect  .the  process,  it  now  remains 
only  to  ascertain  the  most  suitable  form,  and  the  best  material  for 
the  vessels  in  which  the  calomel  is  heated.  '  Not  having  yet  met 
with  these  essential  qualities  in  any  ready  made  vessel,  I  am  not 
prepared  at  present  to  carry  the  description  further;  and  must 
content  myself  with  the  complete  success  in  my  first  attempts  with 
this  process  ;  which  I  have  no  doubt  will  be  found  applicable  in  the 
minute  division  of  the  volatile  bodies. 


PROCEEDINGS  OF  THE  ROYAL  SOCIETY. 

November  18^A,  1841. 

The  following  papers  were  read : — 1 .  "  Variations  de  la  d^clinaison 
et  intensity  magnetique  horizontale  observees  d  Milan  le  28  et  29  Mai, 
le  23  et  24  Juin,  le  21  et  22  Juillet,  le  27  et  28  Aoiit,  et  le  22  et  23 
Septembre,  1841."     Par  Sig.  Carlini,  For.  Memb.  R.S. 

2.  '^  Variations  de  la  declinaison  magnetique  et  de  Tintensit^  mag- 
netique horizontale  observees  k  Bruxelles  le  23  et  24  Juin,  et  le  21 
et  22  Juillet,  1841."     Par  M.  A.  Quetelet,  For.  Memb.  R.S. 

3.  "  Meteorological  Register  kept  on  board  the  £!arl  of  Hardwicke, 
during  a  voyage  from  London  to  Calcutta  and  back  to  London, 
by  Captain  Alexander  Henning."  Communicated  by  Sir  John  F. 
W.  Herschel,  Bart.,  F.  R.  S.,  &c. 

4.  "  Meteorological  Register  kept  at  Port  Arthur,  Van  Diemen's 
Land,  by  Deputy- Assistant-Commissary- General  Lempriere,  from 
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Feb.  1,  1840,  to  Feb.  1,  1841."     Communicated  by  Capt.  Beau- 
fort, R.N.,  F.R.S.,  Hjdrographer  to  the  Admiralty. 

5.  **  Term  Observations  of  the  Variation,  Magnetic  Declination, 
Horizontal  Intensity,  and  Inclination,  at  Prague,  for  June,  July, 
August  and  September,  1841."  By  Professor  Kreil.  Communi- 
cated by  S.  Hunter  Christie,  Esq.,  Sec.  R.S. 

November  25. — The  following  papers  were  read,  viz. — 
1.  "  Explanation  of  the  construction,  positions,  comparisons,  and 
times  of  observation,  of  the  Meteorological  Instruments  at  the  Royal 
Observatory,  Greenwich,  with  which  the  Observations  have  been 
made  that  are  contained  in  the  sheets  of  Meteorological  Observa- 
tions, forms  1  and  2,  for  each  month  from  1840,  November,  to  1841, 
July,  both  inclusive,  sent  to  the  Royal  Society  in  1841,  October  26." 
By  George  Biddell  Airy,  Esq.,  M.A.,  F.R.S.,  Astronomer  Royal. 

2  *'  On  the  Laws  of  the  Rise  and  Fall  of  the  Tides  in  the  River 
Thames."  By  George  Biddell  Airy,  Esq.,  M.A.,  F.R.S.,  Astro- 
nomer  Royal. 

The  conclusions  arrived  at  by  the  author,  and  stated  in  this  paper, 
were  derived  from  an  extensive  series  of  observations  of  the  tides, 
made,  on  this  suggestion,  at  the  royal  Victualling  Yard,  at  Deptford, 
under  the  superintendence  of  Captain  Shireff,  R.N.  The  object  of 
the  first  series  of  observations  was  simply  to  ascertain  the  times  of 
high  and  low  water,  for  the  purpose  of  ascertaining  the  duration  of 
the  rise  and  fall  of  the  tide :  the  height  of  the  water  was  observed  at 
every  quarter  of  an  hour,  night  and  day,  during  half  a  lunation. 
The  curves  representing  Uie  law  of  rise  and  fall  of  the  water  were 
found  to  be  different  for  high  tides  and  for  low  tides  ;  and  both  are 
sensibly  different  from  the  line  of  sines.  The  author  then  investigates 
mathematically  the  motion  of  a  very  long  wave,  such  as  a  tide-wave, 
in  a  rectangular  canal,  whose  section  is  everywhere  the  same,  on  the 
supposition  that  the  extent  of  vertical  oscillation  bears  a  sensible 
proportion  to  the  mean  depth  of  the  water ;  and  deduces  an  expres- 
sion for  the  vertical  elevation  of  a  particle  at  the  surface.  This  ex- 
pression supposes  the  canal  unlimited  at  the  end  farthest  from  the 
sea.  If  the  canal  be  stopped  by  a  barrier,  the  expression  changes 
its  form.  The  formulae  obtained  by  the  author  enable  him  to  ex- 
plain a  circumstance,  hitherto  perplexing,  namely,  that  the  age  of 
the  tide  is  different  as  inferred  from  the  height  of  the  high  water,  or 
from  the  time  of  high  water  ;  being  always  greater  in  the  former 
mode  of  estimation. 

S.  "  Register  of  Tides,  observed  at  Coringa,  from  January  Ist 
to  June  30th,  1841." 

4.*'  Meteorological  Journal,  from  the  20th  April,  1840,  to  the 
29th  April,  1841.  Kept  at  the  Falkland  Islands  on  board  H.M. 
Ketch  "  Arrow." 

5.  '*  Daily  Thermometrical  Observations  at  Cape  Palmas,  for 
May,  1841." 

These  last  three  papers  were  communicated  to  the  Society  by 
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the  direction    of   the    Lords    Commissioners    of   the  Admiralty. 
November  30,  1841. — ^Anniversary  Meeting.     The  following  are 
extracts  from  the  Report  of  the  Council. 

Awards  of  Medals. 

The  Council  has  awarded  the  Copley  Medal  for  the  present  year 
to  Dr.  G.  S.  Ohm,  of  Nuremburgh,  for  his  researches  into  the  laws 
of  Electric  Currents,  contained  in  various  m^oirs  published  in 
Schweigger*s  Journal/^  Poggennorjf*s  Annaleny  and  also  in  a  sepa- 
rate work,  entitled  De  Galvanische  Kette  Mathematisch  Bear- 
bitetyf  published  at  Berlin  in  the  year  1827.  In  these  works,  Dr. 
Ohm  has  established,  for  the  first  time,  the  laws  of  the  electric  cir- 
cuit; a  subject  of  vast  importance,  and  hitherto  involved  in  the 
greatest  uncertainty.  He  has  shown  that  the  usual  vague  distinc- 
tions of  intensity  and  quantity  have  no  foundation,  and  that  all  the 
explanations  derived  from  these  considerations  are  utterly  errone- 
ous. He  has  demonstrated,  both  theoretically  and  experimentally, 
that  the  action  of  a  circuit  is  equal  to  the  sum  of  the  electro-motive 
forces  divided  by  the  sum  of  resistances ;  and  that  whatever  be 
the  nature  of  the  current,  whether  voltaic  or  thermo-electric,  if  this 
quotient  be  equal,  the  effect  is  the  same.  He  has  also  shown  the 
means  of  determining  with  accuracy  the  values  of  the  separate  re- 
sistances and  electro-motive  forces  in  the  circuit.  The  light  which 
these  investigations  has  thrown  on  the  theoiy  of  current  electricity 
is  very  considerable  ;  and  although  the  labours  of  Ohm  were,  for 
more  than  ten  years,  neglected  (Fechner  being  the  only  author  who, 
within  that  time,  admitted  and  confirmed  his  views),  within  the  last 
five  years,  Guas,  Lenz,  Jacobi,  Poggendorff,  Henry,  and  many 
other  eminent  philosophers,  have  acknowledged  the  great  value  of 
his  researches,  and  their  obligations  to  him  in  conducting  their  own 
investigations.  Had  the  works  of  Ohm  been  earlier  known,  and 
their  value  recognised,  the  industry  of  experimentalists  would  have 
been  better  rewarded.  In  this  country  those  who  have  had  most 
experience  in  researches  in  which  voltaic  agency  is  concerned,  have 
borne  the  strongest  testimony  to  the  assistance  they  have  derived 
from  this  source,  and  to  the  invariable  accuracy  with  which  the  ob- 
served phenomena  have  corresponded  with  the  theory  of  Ohm. 

*  1.  On  the  electric  condnctibility  of  the  metals.  (Schwe$gger*s  Jotimaiy 
second  series,  toL  xiv.) 

2.  Experiments  to  discover  the  power  of  electro-magnetic  mnltiplien. 
(Ibid.  vol.  XXV.) 

3.  Researches  to  ascertain  the  nature  of  nnipolar  condactora.  (Ibid.  vol. 
xxix.) 

4.  On  hydro-electric  currents.  (Ibid,  third  series,  vol.  iii.) 

5.  Statement  of  facts  destroying  the  relations  which  have  been  confusedly 
established  between  several  galvanic  properties,  and  particularly  hydro-elec- 
tric condoctors.  (Ibid.  vol.  v.) 

6.  Theory  of  galvanic  eorrents.    (Ibid.  vol.  vii.) 

t  A  translation  of  this  work  will  be  found  in  Taylor**  Scientific  Me- 
moirM,  vol.  ii.— Edit. 
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This  accordance,  it  may  be  observed,  is  altogether  independent  of 
the  particular  hypothesis  which  may  be  adopted  as  to  the  origin  of 
electro-motive  force  ;  and  obtains  equally  whether  that  force  is  re- 
garded as  being  derived  from  the  contact  of  dissimilar  metals,  or  as 
referable  to  chemical  agency. 

The  Council  have  awarded  one  of  the  royal  medals  for  this  year, 
which  had  been  proposed  for  the  subject  of  chemistry,  to  Robert 
Kane,  M.D.,  M.R.I. A.,  Professor  to  the  Royal  Dublin  Society,  for 
his  paper  "  On  the  Chemical  History  of  Archil  and  Litmus,"  pub- 
lished in  the  Philosophical  Transactions  for  1840. 

It  has  been  found  that  various  lichens,  which  conmiunicate  no 
colour  to  pure  water,  strike  a  fine  blue  with  solution  of  ammonia. 
The  valuable  colouring  matters  archil,  litmus,  and  cudbear,  are  com- 
mercial preparations  of  these  lichens.  Some  progress  had  already 
been  made  in  the  investigation  of  their  colouring  principles  by  the 
labours  of  Robiquet,  Heeren,  and  Dumas,  of  which  the  most  im- 
portant step  was  the  discovery  of  Or  cine,  and  also  of  Orceincy  into 
which  the  former  is  converted  by  ammonia  ;  but  the  observations 
were  isolated,  and  the  whole  subject  was  in  the  greatest  obscurity. 
The  present  memoir  by  Dr.  Kane  records  the  first  attempt  to  sketch 
a  general  history  of  the  class :  and,  considering  the  great  and  pecu- 
liar difficulties  attending  inquiries  into  organic  colouring  matters, 
the  attempt  may  be  esteemed  eminently  successful.  It  proved  an 
investigation  of  considerable  intricacy  and  great  extent,  involving 
several  hundred  organic  analyses  ;  and  it  had  been  conducted  in  a 
manner  highly  creditable  to  the  author's  skill  as  an  analyst.  The 
paper  contains  an  account  of  the  discovery  of  a  large  number  of 
new  compounds,  not  less  than  twelve,  derived  from  archil  and  litmus, 
together  with  the  more  exact  discrimination  of  several  others,  already 
known,  but  imperfectly  described.  The  distinction  made  of  two 
Orceines,  which  have  hitherto  been  confounded  as  one,  is  a  striking 
result  contained  in  that  paper :  while  the  observations  on  the  action 
of  chlorine  and  of  nascent  hydrogen  upon  several  of  the  bodies 
described,  open  new  branches  of  inquiry. 

The  objects  which  the  author  had  in  view  in  these  inquiries  were 
the  three  following  :  namely,  first,  to  ascertain  the  primitive  form 
of  the  colour-making  substance  in  a  given  species  of  lichen,  and 
trace  the  stages  through  which  it  passes  before  the  coloured  sub- 
tance  is  developed ;  secondly,  to  determine  the  nature  of  the  various 
colouring  substances  which  exist  in  the  archil  of  commerce  ;  and 
thirdly,  to  examine  the  colouring  materials  of  ordinary  litmus.  He 
finds  in  the  lichen  Roccella  tinctoria  the  following  bodies,  either 
pre-existing  in  the  plant,  or  formed  during  the  processes  employed 
for  its  analysis  :  1.  Erythryline ;  2.  Erythrine  (the  pseudo-erythrine 
of  Heeren) ;  3.  Erythrine  bitter ;  4.  Telerythrine  ;  and  5.  Rocelline 
(the  Rocellic  acid  of  Heeren).  The  properties  and  constitution  of 
these  substances  are  then  described,  and  the  chemical  formulae  given 
which  are  deducible  from  their  respective  analyses.     The  author 
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finds  the  archil  of  commerce  to  consist  essentially  of  three  ingre* 
dients,  namely,  orceine,  erythroleic  acid,  and  azoerythrine ;  of  each 
of  the  two  former  there  exist  two  modifications,  and  there  is  in 
addition  a  yellow  matter.  After  comparing  his  results  with  those 
obtained  by  Heeren,  by  an  examination  of  the  products  envolved 
by  his  erythrine  in  contact  with  air  and  with  ammonia,  and  stating 
reasons  for  some  changes  in  nomenclature,  the  author  gives  the 
chemical  formulae  resulting  fron  his  own  analyses  of  these  different 
substances. 

His  inquiries  into  the  constitution  of  ordinary  litmus,  which  form 
the  last  division  of  his  subject,  lead  him  to  the  conclusion  that  that 
substance  contains  the  principles  designated  by  him  as  erythrolein, 
erythrolitmine,  azolitmine,  and  spaniolitmine ;  and  that  the  colour- 
ing constituents  of  litmus  are,  in  their  natural  condition,  red ;  the 
blue  substances  being  produced  by  combination  with  a  base,  the 
bases  in  that  of  commerce  being  lime,  potass,  and  ammonia ;  and 
there  is  mixed  up  in  the  mass  a  considerable  quantity  of  chalk  and 
sand.  The  details  of  the  analyses  of  these  several  substances,  and 
the  resulting  chemical  formulae  representing  their  constitution,  are 
then  given. 

The  concluding  section  of  the  paper  is  occupied  by  an  inquiry 
into  the  decoloration  of  the  bodies  which  exist  in  archil  and  litmus. 
The  latter  of  these,  the  author  concludes,  is  reddened  by  acids,  in 
consequence  of  their  removing  the  loosely  combined  ammonia  by 
which  the  blue  colour  is  produced;  and  the  so-caJled  hydrogen 
acids  liberate  the  colouring  matter  by  their  combining  with  the  alkali 
to  form  bodies  (either  chlorides  or  iodides),  with  which  the  colouring 
matter  has  no  tendency  to  unite.  Hence  it  appears  that  the  redden- 
ing of  litmus  is  no  proof  that  chloride  of  hydrogen  is  an  acid,  and 
that  the  double  decomposition  which  occurs  is  the  same  in  principle, 
whether  hydrogen  or  a  fixed  metal  come  into  play.  After  detailing 
the  blanching  effects  of  other  deoxydizing  agents  on  the  colouring 
matter  of  litmus,  and  the  action  of  chlorine  on  orceine  and  azolitmine, 
the  author  remarks,  that  in  these  actions  chlorine  is  subjected  to  con- 
ditions different  from  those  which  determine  the  nature  of  the  results 
with  the  generality  of  organic  bodies,  and  that  the  displacement  of 
hydrogen,  so  marked  in  other  cases,  does  not  exist  in  the  class  of 
substances  under  consideration ;  but  that,  in  reality,  the  products  of 
the  bleaching  energy  of  chlorine  resemble  in  constitution  the  com- 
pounds of  chlorine  which  possess  bleaching  powers. 

This  paper  may  be  viewed  as  a  very  important  contribution  to 
organic  chemistry,  and  as  highly  deserving  of  the  royal  medal ;  an 
award  which  will,  doubtless,  be  hailed  by  chemists  as  a  just  encou- 
ragement to  perseverance  in  skilful  analytical  research. 

There  being  no  paper  on  mathematics  coming  within  the  stipu- 
lations regulating  the  awards  of  the  royal  medals,  which  has  been 
deemed  worthy  of  that  for  mathematics  in  the  present  year,  the 
council  have,  in  virtue  of  the  power  given  to  them,  under  tiiese 
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circumstances,  bj  the  regulations  prescribed  by  her  Majesty,  awarded 
the  other  royal  medal  to  Eaton  Hodgkinson,  Esq.,  for  his  paper 
which  was  published  in  the  Philosophical  Transactions  for  1840,  and 
is  entitled  "  Experimental  Researches  into  the  strength  of  Pillars  of 
Cast  Iron,  and  other  materials." 

This  paper  has  been  esteemed  by  the  council  to  be  particularly 
valuable  in  a  practical  as  well  as  theoretical  point  of  view,  and  there- 
fore to  deserve,  in  an  eminent  degree,  the  honour  of  a  royal  medal. 
It  contains  the  results  of  an  immense  series  of  experiments,  con- 
ducted with  great  patience  and  admirable  skill,  and  at  a  very  considera-  ^ 
ble  cost.  Mr.  Hodgkinson's  position  among  the  manufactories  of 
Manchester,  together  with  the  unlimited  command  over  the  resources 
of  one  of  the  largest  engineering  establishments,  which  he  obtained 
through  the  liberality  of  its  proprietor  Mr.  Fairbaim,  enabled  him 
to  direct  his  inquiries  to  the  forms  of  pillars  which  are  found  most 
useful  in  practice.  The  results  of  his  labours  he  has  reduced  to 
empirical  formulae,  peculiarly  adapted  for  application  to  the  purposes 
of  mechanical  art. 

Among  the  most  useful  of  the  practical  conclusions  to  which  he 
has  arrived,  the  following  are  more  particularly  deserving  of  notice. 

Mr.  Hodgkinson  has  found,  that  in  all  long  pillars  of  the  same 
dimensions,  the  resistance  to  crushing  by  flexure  is  about  three 
times  greater  when  the  ends  of  the  pillars  are  flat,  than  when  they 
are  rounded.  A  long  uniform  cast  iron  pillar,  with  its  ends  firmly 
fixed,  whether  by  means  of  discs  or  otherwise,  has  the  same  power  to 
resist  breaking  as  a  pillar  of  the  same  diameter,  and  half  the  length, 
with  the  ends  rounded,  or  turned  so  that  the  force  would  pass  through 
the  axis.  The  strength  of  a  pillar  with  one  end  round  and  the  other 
flat,  is  the  arithmetical  mean  between  that  of  a  pillar  of  the  same 
dimensions  with  both  ends  round,  and  one  with  both  ends  flat.  Some 
additional  strength  is  given  to  a  pillar  by  enlarging  its  diameter  in 
the  middle  part. 

The  strength  of  long  cast  iron  pillars  with  relation  to  their  dia- 
meter and  length  is  also  made  the  subject  of  Mr.  Hodgkinson's  in  - 
vestigations  ;  and  the  result  he  deduces  from  tliem  is,  that  the  index 
of  the  power  of  the  diameter,  to  which  the  strength  is  proportional, 
is  3*736.  He  has  also  determined,  by  a  comparison  of  experimental 
results,  the  inverse  power  of  the  length  to  which  the  strength  of  the 
pillar  is  proportional.  The  highest  value  of  this  power  he  finds  to  be 
1  *91 4,  the  lowest  1  '537,  and  the  mean  of  all  the  comparisons  1  *7l  17* 
He  thus  deduces,  first,  approximate  empirical  formulae  for  the  break- 
ing weight  of  solid  pillars,  and  afterwards,  more  correct  methods  of 
determining  their  strength.  From  experiments  on  hollow  pillars  of 
cast  iron,  formulae  representing  the  strength  of  such  pillars  are  in 
like  manner  deduced. 

The  strength  of  pillars  of  wrought  iron  and  of  timber,  in  relation 
to  their  dimensions,  is  made  the  subject  of  another  series  of  experi- 
ments.    The  result  for  wrought  iron  is,  that  the  strength  varies 
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inversely  as  the  square  of  the  length  of  the  pillar,  and  directly  as 
the  power  3'75  of  its  diameter ;  the  latter  being  nearly  identical  with 
the  result  obtained  for  cast  iron  ;  while  in  timber,  the  strength  varies 
nearly  as  the  fourth  power  of  the  side  of  the  square  forming  the  sec- 
tion of  the  pillar.  In  like  manner,  the  power  of  cast  iron  pillars  to 
resist  long  continued  pressure,  and  the  relative  strengths  of  long 
pillars  of  cast  iron,  wrought  iron,  steel  and  timber,  are  determined. 
The  inquiry  which  constitutes  the  subject  of  this  paper  is  not, 
however,  the  fbrst  of  the  kind  in  which  Mr.  Hodgkinson  has  been 
engaged  ;  several  series  of  experiments  and  papers  on  the  strength 
of  iron,  in  various  forms,  have  been  published  by  him  at  different 
times ;  and  their  accuracy  has  established  his  claim  to  our  confidence 
on  the  present  occasion. 

Dr.  Roget  begged  leave  to  observe,  that,  for  many  years  past, 
it  has  been  customary  for  the  president,  in  his  anniversary  addresses 
to  the  society,  to  give  narratives  of  the  leading  incidents  in  the  lives, 
and  an  account  of  the  scientific  labours,  of  the  more  distinguished 
associates  of  whom  death  had  deprived  us  during  the  preceding  year. 
The  utility  of  such  a  retrospect,  he  remarked,  is  sufficiently  obvious. 
Consolation  may  be  afforded  to  the  survivors  by  the  just  tribute  thus 
publicly  paid  to  the  memory  of  those  they  mourn.  In  marking  the 
several  steps  of  their  ascent  to  eminence,  in  retracing  the  services 
they  have  rendered  to  science  and  to  mankind,  and  in  establishing 
their  respective  claims  to  our  respect,  our  admiration,  and  our  gra- 
titude, fresh  motives  of  emulation  are  presented  to  those  who  are 
following  in  the  same  arduous  paths,  and  aspiring  to  the  same 
honourable  distinctions.  The  society  can  never  forget  how  well 
these  objects  have  been  fulfilled  by  the  excellent  biographical  notices 
we  have  been  accustomed  to  hear  from  our  presidents  on  each  re- 
turning anniversary,  and  must  feel  how  much  reason  they  have  to 
regret  the  omission  of  the  usual  discourse  from  the  chair  on  the 
present  occasion.  It  is  with  a  view  to  prevent  this  interruption  of 
the  series  being  drawn  into  a  precedent,  that  Dr.  Roget  has  now 
been  induced,  by  the  desire  of  the  president,  to  attempt  supplying, 
however  imperfectly,  the  omission  he  has  alluded  to.  Having  ibut 
little  leisure  to  perform  this  task,  he  wished  to  claim  the  indulgence 
of  the  meeting  for  the  many  imperfections  they  will  discover  in  the 
mode  of  its  execution. 

Of  the  deceased  members  on  the  home  list,  Dr.  Roget  has  3een 
able  to  notice  only  two,  namely,  Mr.  Bauer  and  Sir  Astley  Copper, 
not  having  received,  with  regard  to  the  rest,  any  authentic  infor- 
mation which  was  deserving  of  record  in  this  place.  It  is  impossible 
for  him,  however,  to  pass  over  in  complete  silence  the  honoured 
name  of  one,  whose  loss  within  these  few  days  we  all  so  deeply  de- 
plore— the  late  Sir  Francis  Chantrey.*     But  the  calamity  is  too 

*  He  was  bom  in  1782,  and  expired  quite  imddenlj  on  the  25th  of  the  pre- 
sent  month  (Nov.  1841) ;  only  fire  days  before  the  present  meeting. 


154  Proceedings  of  the  Royal  Society, 

recent  and  too  sudden  to  afford  the  opportunity,  if  indeed  the  effort 
could,  under  these  painful  circumstances,  have  been  made,  of  col- 
lecting the  materials  for  a  narrative  which  might  render  adequate 
justice  to  his  superior  merits  as  an  artist,  and  to  his  exemplary 
character  as  a  man.  This  tribute  to  his  memory  must  be  reserved 
for  a  period  when  his  biographer  will  be  able  to  review  the  subject 
more  extensively,  and  with  more. calm  deliberation. 

Francis  Bauer  was  born  at  Feldsberg,  in  Austria,  on  the  4th 
of  October,  1758.  While  yet  a  boy  he  lost  his  father,  who  held  an 
appointment  as  painter  to  Prince  Lichtenstein  ;  so  that  the  care  of 
his  education  devolved  upon  his  mother.  He  manifested  very  early 
a  talent  for  botanical  drawing ;  and  the  first  published  production  of 
his  pencil,  at  the  age  of  thirteen,  was  a  figure  of  the  Anemone  pratensis, 
appended  to  a  work  of  Stoerck.  He  came  to  England  in  the  year 
1788,  and  was  about  to  proceed  to  Paris ;  when,  on  the  eve  of  his 
intended  departure,  he  was  offered  by  Sir  Joseph  Banks  the  appoint- 
ment of  draughtsman  at  the  Royal  Gardens  at  Kew,  a  proposal 
which  induced  him  to  relinquish  his  intention  of  leaving  Englandr 
He  took  up  his  residence  near  those  gardens,  and  he  continued  to 
dwell,  during  the  remainder  of  his  life,  in  their  neighbourhood. 
The  salary  of  the  new  ofBce  which  Mr.  Bauer  held  was  defrayed  by 
Sir  Joseph  Banks  during  his  own  life,  and  its  continuance  after  his 
decease  was  provided  for  by  his  will. 

Mr.  Bauer,  in  fulfilment  of  his  engagement,  made  numerous 
drawings  and  sketches  of  the  plants  in  the  garden ;  and  these  are 
now  preserved  in  the  British  Museum.  A  selection  from  his  draw- 
ings was  published  in  1796,  under  the  title  of  '^  Delineations  of 
Exotic  Plants  cultivated  in  the  Royal  Gardens  at  Kew,'*  containing 
in  all  thirty  plates  of  different  kinds  of  heaths.  His  drawings  have 
also  illustrated  several  papers  published  in  the  Linncean  Transactions, 
and  particularly  those  of  Mr.  Brown.  The  13th  volume  of  that 
work  contains  a  paper  by  Mr.  Bauer  on  the  Ergot  of  Rye,  drawn 
up  from  materials  collected  between  the  years  1805  and  1809  ;  and 
the  plate  which  illustrates  it  is  derived  from  drawings  forming  part 
of  an  extensive  series  in  the  British  Museum,  illustrating  the  struc- 
ture of  the  grain,  the  germination,  growth  and  developement  of 
wheat,  and  the  diseases  of  that  and  other  Cerealia.  This  admirable 
series  of  drawings  constitutes  perhaps  the  most  splendid  and  impor- 
tant monument  of  Mr.  Bauer's  extraordinary  talents  as  an  artist, 
and  of  his  skill  in  microscopic  investigation.  The  subject  was  sug- 
gested to  him  by  Sir  Joseph  Banks,  who  was  engaged  in  an  inquiry 
into  the  disease  of  corn  known  by  the  name  of  blight ;  the  part  of 
Mr.  Bauer's  drawings  which  relates  to  that  disease  was  published  in 
illustration  of  Sir  Joseph's  memoir  on  the  subject,  and  has  been 
several  times  reprinted  with  it.*  Mr.  Bauer  himself  gave,  in  the 
volume  of  the  Philosophical  Transactions  for  1823,  an  account  of 

*  See  Phii.  Mag.^  First  Scries,  vol.  xxi,  p.  a30.->EDiT. 
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his  observations  on  the  Vibrio  tritici  of  Gleichen,  with  the  figures 
relating  to  them ;  and  another  small  portion  of  his  illustrations 
of  the  diseases  of  com  has  since  been  published  by  him  in  the 
Penny  Magazine  for  1833.  His  figures  of  a  somewhat  analogous 
subject,  the  apple-blight,  and  the  insect  producing  it,  accompany 
Sir  Joseph  Banks's  memoir  on  the  introduction  of  that  disease  into 
England,  in  the  second  volume  of  the  Transactions  of  the  HorticuU 
tural  Society. 

Mr.  Bauer  had  commenced,  before  the  close  of  the  last  century, 
a  series  of  drawings  of  Orchideae,  and  of  the  details  of  their  re- 
markable structure,  to  which  he  made  additions  from  time  to  time, 
k  as  opportunities  offered,  nearly  to  the  termination  of  his  life.     A 

selection  from  these,  which  forms  one  of  the  most  beautiful  and  ex- 
tensive series  of  his  botanical  drawings,  was  lithographed  and  pub- 
lished by  Professor  Lindley,  between  the  years  1830  and  1838, 
under  the  title  of  "  Illustrations  of  Orchidaceous  Plants." 

A  paper  by  Mr.  Bauer,  entitled  "  Some  experiments  on  the  Fungi 
which  constitute  the  colouring  matter  of  the  Red  Snow  discovered 
in  Bafiiin's  Bay,"  was  published  in  the  Philosophical  Transactions 
for  1 820.  By  mixing  the  snow  containing  these  fungi  with  water, 
he  found  that  they  could  be  made  to  vegetate,  but  that  they  produced 
I  new  fungi  of  a  green  instead  of  a  red  colour.  By  exposure  to  exces- 

sive cold  the  primitive  fungi  are  killed,  but  their  seed  still  retains 
vitality,  and,  if  immersed  in  snow,  which  appears  to  be  their  native 
soil,  they  reproduce  new  fungi,  which  are  generally  of  a  red  colour. 

The  Philosophical  Transactions  for  1823,  contains  the  paper  by 
Mr.  Bauer  already  alluded  to,  entitled  "  Microscopical  Observations 
on  the  Suspension  of  the  Muscular  Motions  of  the  Vibrio  tritici" 
which  forms  the  Croonian  Lecture  for  that  year.  This  minute  worm, 
which  infests  wheat,  and  is  the  immediate  cause  of  that  destructive 
disease  called  the  Ear  Cockle  or  Purples,  congregates  in  immense 
numbers  in  the  substance  of  the  grains  thus  diseased,  forming 
masses  of  a  white  and  apparently  glairy  mucus,  which,  when  im- 
mersed in  water,  separate  and  exhibit,  under  the  microscope,  the 
worms  in  lively  motion.  After  they  have  become  perfectly  dry,  and 
apparently  lifeless,  they  may  be  readily  revived  by  being  moistened 
with  a  drop  of  water,  when  they  become  as  lively  as  before,  Mr. 
Bauer  determined,  by  a  series  of  experiments,  that  the  ova  of  these 
worms  are  conveyed  into  the  cavities  of  the  germens  by  the  circu- 
lating sap.  On  inserting  some  of  the  worms  into  sound  grains  of 
wheat,  and  allowing  them  to  germinate,  he  found  the  worms,  in 
different  stages  of  their  growth,  in  the  stalk,  and  ultimately  in  the 
germens  of  the  new  plant. 

In  the  year  1816  he  commenced  lending  the  assistance  of  his 
pencil  to  Sir  Everard  Home,  in  the  various  anatomical  and  physio- 
logical investigations  in  which  the  latter  was  engaged  ;  and  in  the 
course  of  ten  or  twelve  years  furnished,  in  illustration  of  Sir  Eve- 
rard*s   numerous  papers  in  the   Philosophical  Transactions  more 
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than  a  hundred  and  twenty  plates,  which  were  afterwards  reprinted 
in  his  '*  Lectures  on  Comparative  Anatomy."  These  plates,  which 
form  together  the  most  extensive  series  of  Mr.  Bauer's  published 
works,  embraced  a  great  variety  of  important  subjects,  chiefly  in 
microscopic  anatomy,  and  afford  abundant  evidence  of  his  powers 
of  observation  and  skill  in  depicting  the  most  difficult  objects.  It  is 
this  rare  and  previously  almost  unexampled  union  of  the  observer 
and  the  artist  that  has  placed  Mr.  Bauer  in  the  first  rank  of  scientific 
draughtsmen.  His  paintings,  as  the  more  finished  of  his  productions 
may  well  be  termed,  are  no  less  perfect  as  models  of  artistic  skill 
and  effect,  than  as  representations  of  natural  objects. 

He  died  at  his  residence  on  Kew  Green,  on  the  11th  of  December 
last,  in  the  S-Srd  year  of  his  age.* 

Sir  AsTLEY  Paston  Cooper,  Bart.,  was  the  fourth  son  of  the 
Rev.  Dr.  Samuel  Cooper,  of  Yarmouth,  in  Norfolk.  His  mother 
was  a  daughter  of  James  Bransby,  Esq.,  of  Shottisham,  and  was 
known  as  the  authoress  of  a  novel  entitled  "  The  Exemplary 
Mother."  Sir  Astley  was  bom  at  Brooke,  in  the  same  county,  on 
the  23rd  of  August,  1768.  Even  in  his  boyhood  he  was  noted  for 
his  bold  and  enterprising  spirit^  the  sociability  and  kindness  of  his 
disposition,  and  for  the  animation  with  which  he  entered  into  all 
the  sports  of  his  juvenile  companions.  After  receiving  from  the 
village  schoolmaster,  and  from  his  father,  who  was  a  good  scholar, 
some  portion  of  classical  instruction,  he  was  placed,  at  the  age  of 
fifteen,  with  Mr.  Turner,  a  surgeon  and  apothecary  at  Yarmouth. 
Here  he  remained  but  a  few  months,  and  was  then  sent  to  London, 
and  bound  apprentice  to  his  uncle,  Mr.  William  Cooper,  one  of  the 
surgeons  of  Guy's  Hospital,  but  was  soon  after  transferred,  by  his 
own  desire,  to  Mr.  Cline,  who  had  already  attained  great  eminence, 
and  was  surgeon  of  St.  Thomas's  Hospital.  This  connexion  af- 
forded him  ample  opportunities  of  acquiring  professional  knowledge, 
under  the  guidance  of  a  master  distinguished  by  a  truly  philoso- 
phical mind,  and  for.  whom  his  pupil  always  felt  the  most  profound 
regard  and  veneration.  Young  Cooper's  labours  in  the  wide  field  of 
observation  thus  open  to  him,  both  in  the  hospital  and  dissecting- 
room,  were  unremitting  ;  and  the  practical  information  he  there  ac- 
quired formed  the  solid  basis  of  his  future  fame.  He  made  a  short 
visit  to  Edinburgh  in  1787,  and,  although  only  in  his  nineteenth 
year,  was  a  distinguished  member  of  the  Royal  Medical  Society  of 
that  place.  On  his  return  to  London,  Mr.  Cline,  who  was  the 
teacher  of  anatomy,  physiology,  and  surgery,  at  St.  Thomas's  Hos- 
pital, appointed  him  as  demonstrator  of  anatomy,  and  soon  after  gave 
up  to  him  a  part  of  the  anatomical  lectures.  Sir  Astley  also  gained 
the  consent  of  Mr.  Cline  and  the  other  surgeons  of  the  hospitals  of 
Guy  and  St.  Thomas,  to  give  a  course  of  lectures  on  the  principles 

*  The  above  account  is  chiefly  an  abridgement  of  that  contained  in  the 
Proceedings  afthe  Linnaan  Society  for  1841,  p.  101. 
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and  practice  of  surgery,  a  subject  which  had  previously  only  formed 
a  part  of  the  anatomical  course.  He  had  now  full  scope  for  the  dis- 
play of  those  talents  which  afterwards  shone  forth  on  the  wider 
theatre  of  the  world,  in  a  profession  of  which  he  became  the  brightest 
ornament.  At  first  he  was  attended  only  by  fifty  students ;  but  his 
class  soon  increased  to  four  hundred,  which  was  by  far  the  largest 
that  had  been  known  in  London.  His  popularity  as  a  teacher  rapidly 
increased :  he  made  no  attempts  at  displays  of  oratory,  but  always 
studied  to  render  the  subject  which  he  treated  as  plain  and  inteUi- 
gible  as  possible  to  his  hearers,  wisely  avoiding  distracting  their  at- 
tention by  entering  on  controversial  topics  connected  with  physi- 
ology. 

On  the  close  of  1791,  the  year  he  commenced  as  a  lecturer,  he 
married  the  daughter  of  Thomas  Cock,  Esq.,  of  Tottenham,  who  was 
a  distant  relation  of  Mr.  Cline ;  but  as  a  proof  of  his  constant  soli- 
citude never  to  neglect  the  performance  of  any  public  professional 
duty,  it  is  remembered  that  on  the  evening  of  the  day  on  which  the 
marriage  ceremony  was  performed  he  delivered  as  usual  his  lecture, 
without  the  slightest  intimation  to  his  class  of  what  had  happened 
in  the  morning ;  and  even  at  the  time  when  he  was  most  fUlly  en- 
gaged in  this  exceedingly  laborious  practice,  he  never  omitted  to 
deliver  his  regular  lecture  at  the  hospital. 

In  1792,  after  spending  some  months  at  Paris,  and  attending  the 
lectures  of  Dessault,  at  tlie  Hotel  Dieu,  and  also  those  of  Chopart, 
he  commenced  practice  in  London,  taking  up  his  residence  in  the 
city,  where  he  dwelt  for  many  years  before  he  removed  to  the  west 
end  of  the  town.  The  popularity  he  enjoyed  as  a  surgeon,  and  the 
extent  of  his  practice,  have  probably  surpassed  that  of  any  of  his 
predecessors :  and  the  large  fortune  which  he  acquired  was  the  just 
and  honourable  reward  of  distinguished  merit  and  the  most  unre- 
mitting application. 

Sir  Asdey  Cooper  was  elected  a  Fellow  of  this  Society  on  Febru- 
ary the  18th,  1802.  He  had  previously  contributed  to  the  Philoso- 
phical Transactions  two  papers  :  the  first  entitled  *'  Observations  on 
the  Effects  which  take  place  from  the  Destruction  of  the  Membrana 
Tympani  of  the  Ear,"  •  and  the  second  containing  "  Further  Ob- 
servations on  the  same  subject ;  together  with  an  Account  of  an 
Operation  for  the  removal  of  a  particular  kind  of  Deafness."  f  The 
operation  of  puncturing  the  membrana  t3rmpani  for  the  relief  of  that 
species  of  deafness  which  arises  from  an  obstruction  of  the  Eusta- 
chian tube,  suggested  itself  from  observing  that,  in  several  cases,  an 
aperture  in  the  membrane  did  not  essentially  diminish  the  powers  of 
the  ear,  and  that  even  its  total  destruction  by  disease  is  not  followed 
by  total  deaftiess.     Several  cases  are  described  in  which  the  opera- 

•  Phil.  Trant.  for  1800,  Part  I,  p.  151.    [PAiY.  Mag.,  First  Series,  vol.  viii, 
p.  359.— Edit.1 
t  PAiV.  TVans.  for  1801,  Part  II,  p.  435.  [lb.  vol.  x,  p.  86,  xi^  p.  268.— Ed.] 
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tion  proved  successful ;  but  of  course,  when  deafness  proceeds  from 
any  other  cause,  the  operation  is  not  likely  to  be  of  the  least  benefit. 

The  other  professional  publications  of  Sir  Astley  are  exceedingly 
numerous ;  they  all  bear  the  stamp  of  the  peculiar  character  of  his 
mind :  simple  and  unaffected  in  point  of  style,  and  without  preten- 
sion to  elegance,  they  contain  a  plain  relation  of  facts,  unbiassed  by 
preconceived  theories,  the  fruits  of  a  long  and  extended  experience, 
and  leading  to  sound  practical  conclusions.  He  never  sought  pecu- 
niary advantage  by  his  publications ;  and  while  he  spared  no  expense 
in  the  execution  of  such  engravings  as  were  best  calculated  to  afford 
instruction,  he  invariably  published  them  at  a  low  price. 

His  publications  relate  chiefly  to  the  following  subjects,  namely  : 
the  anatomy  and  treatment  of  the  various  kinds  of  hernia ;  of  aneu- 
rism ;  of  spina  bifida ;  of  dislocations  and  fractures  ;  of  exostoses  ; 
of  encysted  tumours  ,  the  extraction  of  calculi  from  the  bladder ;  the 
structure  and  diseases  of  the  breast  and  of  the  testis.  Among  the 
last  subjects  to  which  he  had  particularly  turned  his  attention  was 
the  structure  and  functions  of  the  thymus  gland. 

The  splendid  anatomical  and  pathological  museum  which  he  had 
collected  and  created  entirely  by  his  own  industry  and  labour,  and 
chiefly  within  the  last  few  years  of  his  life,  at  a  period  when  the  ar- 
dour of  most  men  for  scientific  pursuits  begins  to  flag,  consists  of 
nearly  three  thousand  preparations,  each  most  exquisitely  worked 
out,  and  Uie  whole  admirably  arranged.  The  injected  preparations 
are  of  unrivalled  beauty,  and  show  that  he  had  acquired  a  facility 
and  perfection  in  the  art,  of  anatomical  injection  quite  peculiar  to 
himself. 

He  was  latterly  engaged  in  an  experimental  investigation  on  the 
functions  of  the  different  parts  of  the  brains  of  the  lower  animals. 
His  health  had  suddenly  declined  a  short  time  before  his  death, 
which  happened  on  the  12th  of  February,  1841. 

Sir  Astley  was  left  a  widower  in  June,  1827  ;  the  year  following 
he  married  the  daughter  of  John  Jones,  Esq.,  of  Derry  Ormond,  in 
Cardiganshire.  He  has  left  no  children,  and  has  bequeathed  by  his 
will  the  whole  of  his  musuem  to  his  nephew,  Mr.  Bransby  Cooper, 
and  he  has  also  left  some  property  in  the  funds  (namely,  £4,000  three 
per  cent,  consols),  of  which  the  interest  is  to  be  given  as  a  triennial 
prize  for  the  best  original  essay  or  treatise  on  given  subjects  in  ana- 
tomy, physiology,  or  surgery,  to  be  awarded  by  the  physicians  and 
surgeons  of  Guy*s  Hospital.* 

Augustine  Ptramus  De  Candolle,  one  of  the  most  distin- 
guished botanists  of  the  present  age,  was  born  at  Geneva  on  the  4th 
of  February,  1778.  The  same  year  is  also  memorable  by  the  death 
of  Linnaeus,  the  father  of  modem  botany,  which  took  place  about 

*  The  greater  part  of  this  memoir  of  Sir  Astley  Cooper,  and  especially 
the  acconnt  of  his  early  life,  has  been  extracted  from  Pettigrew's  ^  Medical 
Portrait  Gallery." 
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three  weeks  before  the  birth  of  one,  who  was  destined  to  emulate 
his  fame  in  the  same  department  of  natural  history.  When  seven 
years  of  age,  De  Candolle  sustained  a  serious  attack  of  hydrocepha- 
lus, a  disease  generally  so  fatal  in  its  tendency,  that  the  present  af- 
fords a  remarkable  instance  of  complete  recovery,  after  life  had  been 
for  many  days  despaired  of. 

Possessing  a  remarkable  facility  of  writing  verse  both  in  Fre^ich 
and  Latin,  and  having  at  the  same  time  a  keen  relish  for  the  study 
of  history,  young  De  Candolle  at  first  resolved  to  make  literature 
his  profession ;  aspiring,  as  the  summit  of  his  ambition,  to  the  fame 
of  being  a  great  historian.  But  this  dream  of  his  youth  was  effaced 
by  a  new  taste,  imbibed  during  a  residence  in  the  country,  where 
he  amused  himself  with  examining  the  plants  of  the  neighbourhood, 
and  with  writing  their  descriptions,  before  he  had  even  opened  a 
single  book  on  botany.  The  few  pages  he  there  read  of  the  volume 
of  nature  were  sufficient  to  captivate  his  affections  for  the  pursuit 
which  henceforth  became  the  dominant  passion  of  his  life.  The 
botanical  lectures  of  Professor  Vaucher,  which  he  attended  in  1794, 
increased  his  ardour,  and  confirmed  him  in  the  resolution  he  had 
formed,  of  devoting  himself  to  the  cultivation  of  botany  as  his  pri- 
mary object,  to  which  all  other  sciences,  as  well  as  branches  of  lite- 
rature, were  hereafter  to  be  deemed  subordinate,  and  to  be  followed 
merely  as  recreations  from  severer  study. 

A  visit  to  Paris,  which  he  made  in  1795,  gave  him  the  opportu- 
nity of  attending  the  lectures  of  Cuvier,  Fourcroy,  Vauquelin,  and 
other  distinguished  professors  of  that  period,  and  of  forming  friend- 
ships with  Desfontaines  and  Lamarck.  He  always  prided  himself 
in  having  been  the  pupil  of  Desfontaines,  in  particular,  towards 
whom  he  continued  through  life  to  feel  the  warmest  gratitude  and 
affection. 

The  establishment  of  the  Society  of  Physics  and  Natural  History 
at  Greneva,  which  took  place  after  his  return,  under  the  auspices  of 
the  celebrated  De  Saussure,  gave  a  fresh  and  powerful  impulse  to 
his  exertions ;  as  was  evinced  by  the  numerous  memoirs  which  he 
presented  to  that  society. 

The  state  of  Geneva  being,  soon  after  this  period,  absorbed  into 
the  French  empire,  De  Candolle  was  induced  to  quit  that  city  and 
attend  the  medical  lectures  in  Paris  ;  a  course  of  study  which,  tend- 
ing to  enlarge  his  views  of  the  physiology  of  organized  beings,  con- 
tributed greatly  to  the  success  with  which  he  afterwards  cultivated 
the  philosophy  of  botany.  While  at  Paris,  he  founded,  in  conjunct 
tion  with  his  friend,  M.  Benjamin  Delessert,  the  Societe  Philantro- 
pique.  One  of  the  first  advantages  resulting  to  the  public  from  this 
institution  was  the  distribution  of  economical  soups  throughout  the 
different  quarters  of  the  city.  Of  this  institution  he  was  the  active 
secretary  for  ten  years ;  during  which  period  another  society  was 
also  formed  under  his  direction  and  management  for  the^ncouraye" 
ment  of  National  Industry. 
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In  1804  he  gave  lectures  on  Vegetable  Physiology  at  the  College 
de  France,  and  published  an  outline  of  his  course  in  1805,  in  the 
Principes  de  Boianique,  prefixed  to  the  Flare  Franqaise. 

In  1806  he  was  commissioned  by  the  French  government  to  col- 
lect information  on  botany  and  the  state  of  agriculture  through  the 
whole  of  the  French  empire,  the  limits  of  which,  at  that  time,  ex- 
tended beyond  Hamburgh  to  the  north,  and  beyond  Rome  to  the 
south.  Every  year,  during  the  following  six  years,  he  took  a  long 
journey  in  the  fulfilment  of  the  task  assigned  him,  and  drew  up  a 
report  of  his  observations  for  the  minister.  In  these  annual  reports, 
however,  he  did  not  confine  himself  to  the  special  objects  of  his 
commission,  but  made  known  his  views  with  regard  to  the  internal 
administrations  of  the  countries  he  visited ;  suggesting  at  the  same 
time  measures  for  their  amelioration  and  for  the  correction  of  exist- 
ing abuses.  He  had  projected  a  great  work  on  the  agricultural  state 
of  the  empire,  and  had  even  executed  considerable  portions  of  it, 
comprehending  the  '*  French  Flora,"  arranged  according  to  modern 
views  of  classification,  when  the  political  events  of  1814  put  an  entire 
stop  to  the  work. 

In  1807  he  was  appointed  Professor  of  Medicine  at  Montpellier  ; 
and  in  1810,  a  chair  of  botany  was  instituted  in  the  same  academy, 
which  he  was  invited  to  occupy.  Under  his  superintendence,  the 
Botanical  Garden  of  that  city  was  more  than  doubled  in  extent,  and 
the  study  of  botany  assumed  a  degree  of  importance  it  had  never 
before  possessed.  De  Caiidolle  quitted  Montpellier  in  1816,  very 
much  to  the  regret  of  the  students  and  of  his  colleagues,  who  em- 
ployed every  means  in  their  power  to  induce  him  to  remain  among 
them  ;  but  his  country  had  been  restored  to  liberty,  and  he  was  firm 
in  his  determination  to  fix  himself  in  his  native  city,  and  devote  to 
its  services  the  remainder  of  his  days. 

Soon  after  his  return  to  Geneva  he  was  appointed  to  the  chair  of 
natural  history,  an  ofiice  which  had  been  created  expressly  that  he 
might  occupy  it.  Among  the  first  of  the  public  benefits  which  he 
conferred  upon  his  countrymen  was  the  establishment  of  a  botanic 
garden.  The  government  of  Geneva  willingly  lent  their  aid  in  form- 
ing so  laudable  an  institution,  in  which  he  was  also  assisted  by  a  great 
number  of  voluntary  subscribers.  The  enthusiasm  which  he  in- 
spired for  his  favourite  science  was  remarkably  displayed  on  one 
particular  occasion,  when,  being  desirous  of  procuring  for  Geneva  a 
copy  of  a  Flora  of  Mexico,  which  had  been  deposited  with  him  for  a 
few  days,  an  appeal  which  he  made  to  the  public  was  responded  to 
with  such  alacrity,  that  in  the  course  of  eight  days  one  thousand 
drawings  had  been  finished  by  amateurs,  who  volunteered  their  ser- 
vices on  the  occasion. 

The  activity  and  powers  of  De  CandoUe's  mind  were  displayed  in 
a  multitude  of  objects  of  public  utility,  the  furtherance  of  which 
ever  called  Ibrth  in  him  the  most  lively  interest ; — whether  it  was 
the  improvement  of  agriculture,  the  cultivation  of  the  fine  arts,  the 
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advancement  of  public  instruction,  the  diffusion  of  education,  or  the 
ameliorati^  of  the  legislative  code.  Feeling  deeply  of  what  vast 
importance  to  the  welfare  of  mankind  it  is  that  sound  principles  of 
political  economy  should  be  extensively  promulgated  and  well  un- 
derstood by  all  ranks  of  men,  De  CandoUe  never  failed  to  develope 
and  enforce  those  principles  in  his  lectures  and  popular  discourses, 
as  well  as  in  his  official  agricultural  reports.  On  these  subjects,  and 
e^cially  with  respect  to  the  immense  advantages  which  would  ac- 
crue to  ihe  community  from  the  unrestricted  freedom  of  commerce, 
his  views  were  those  of  the  most  enlightened  policy,  and  exhibited  a 
sagacity  in  advance  of  the  times  in  which  he  lived. 

As  a  lecturer,  he  possessed  in  an  eminent  degree  the  power  of  im- 
parting to  his  auditors  the  enthusiasm  which  glowed  within  his  own' 
breast  for  the  pursuits  of  natural  history.  Complete  master  of  the 
subject  of  his  discourse,  his  ample  stores  of  knowledge  never  failed 
to  supply  him  with  illustrations  ;  and  even  in  his  extempore  effusions, 
all  his  ideas  were  developed  in  the  clearest  order,  and  explained  with 
singular  perspicuity.*  His  chief  delight  was  to  afford  assistance  of 
every  kind  to  such  students  as  needed  it,  and  in  whom  he  perceived 
a  desire  of  improvement.  His  great  aim  was  to  inspire  and  diffuse 
a  taste  for  the  study  of  botany  by  rendering  it  popular  among  all 
ranks.  His  library,  which  contained  the  richest  collection  of  works 
on  that  subject,  and  the  volumes  of  his  hortus  siccus  were  always 
open  to  those  who  wished  to  consult  them.  Often  has  he  been  known 
to  discontinue  researches  which  he  had  commenced  on  finding  that 
a  similar  design  was  entertained  by  another  person  ;  and  he  hastened, 
on  these  occasions,  to  conmiunicate  to  this  inquirer  his  own  views 
on  the  subject,  to  place  in  his  hands  the  materials  he  had  coDected, 
and  to  put  him  in  possession  of  the  fruits  of  his  own  experience.  His 
sole  object  was  the  advance  of  knowledge ;  and  whether  this  was 
effected  by  himself  or  by  others  was  to  him  a  matter  of  total  indif- 
ference. 

De  Candolle  had  been  visibly  declining  in  health  for  some  years 
before  his  end.  The  sudden  death  of  Cuvier  had  impressed  him 
with  the  apprehension  that  a  similar  fate  might  be  impending  ;  and 
that  he  himself  might,  in  like  manner,  be  cut  off  before  he  had  ac- 
complished the  great  works  in  which  he  was  then  engaged.  He,  in 
consequence,  resolved  to  set  aside  aU  other  occupations,  and  con- 
centrate all  his  efforts  in  completing  those  more  important  designs. 
During  the  last  year  of  his  life  he  undertook,  with  the  vain  hope  of 
improving  his  strength,  a  long  journey,  in  the  course  of  which  he  at- 


*  The  sabstance  of  De  CandoUe's  popular  eonrses  of  lectures  on  the  phy- 
siology of  plants  is  contained  in  *^  Conversations  on  Vegetable  Physiology, 
comprehendinff  the  Elenients  of  Botany,  with  their  application  to  Agiri- 
cnltare,"  by  the  accomplished  anthoress  of  *•''  Conversations  on  Chemistry," 
**  Natural  Philosophy,"  and  other  well-known  works.  The  firsi  edition  ap- 
peared in  1839. 
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tended  the  scientific  meeting  held  at  Turin,  where,  as  might  be  ex- 
pected, he  met  with  the  most  flattering  and  cordial  reception.  His 
death  took  place  on  the  9th  of  September,  1841,  in  the  64th  year  of 
his  age.* 

Simon  L'Huillier,  for  many  years  professor  of  mathematics  at 
Geneva,  was  born  in  that  city  on  the  24th  of  April,  1 750.  The  rapid 
progress  which  he  made  in  his  collegiate  studies  was  viewed  with  so 
much  interest  by  one  of  his  relations,  a  minister  of  the  reformed 
church  of  Geneva,  that  he  bequeathed  him  a  large  portion  of  his 
fortune,  on  the  express  condition  that  he  would  embrace  the  clerical 
profession;  but  young  L'Huillier,  feeling  no  inclination  to  the 
studies  which  this  condition  would  have  imposed  upon  him,  resisted 
the  temptation,  and  preferred  devoting  himself  to  the  pursuits  of 


*  An  oration  by  M.  Rigaad,  the  Sjrndic  of  Geneva,  pronoiinced  at  the 
**  Conseil  lUprisentaiify''  on  the  27th  of  September,  is  the  source  which  has 
supplied  the  information  here  given  with  regard  to  De  CandoUe.  The  fol- 
lowing is  a  catalogue  of  such  of  his  works  as  are  in  the  library  of  the  Royal 
Society : — 

1.  Essai  snr  les  propriet6s  m^icales  des  plantes,  compares  avec  lears 
formes  exterienres  et  lear  classification  natnrelle.    8vo,  Paris,  1816. 

2.  Regni  vegetabiUs  systema  natorale;  sive  ordines,  genera,  et   species 

Flantamm  secandmn  methodi  natoralis  normas ;  vol.   1  et  2  :  8vo,  Parisiis, 
818  et  1821. 

3.  Theorie  el^mentairedelaBotaniqne,  seconde  ^ition,  8vo,  Paris,  1819. 
(The  first  edition  appeared  in  1813.) 

4.  Prodromns  systematis  natnralis  regni  vegetabiUs  ;  sive  enomeratio  con- 
tracta  ordinnm,  genermn,  speciemmqne  plantaram  hncosque  cognitarum, 
jnxta  methodi  natoralis  normas  digesta:  partes  I— IV.  8vo,  Parisiis,  1824 
—1830. 

5.  Memoire  sor  la  famille  des  L^gnminenses  ;  4to,    Paris,  1825. 

6.  Plantes  rares  da  Jardin  de  Geneve;  livraisons  I— III ;  4to,  Geneve, 
1826. 

7*  Organographie  Vegetale,  on  Description  raisonn^e  des  plantes ;  2  vols. 
8vo,  Paris,  1827.  (This  work  has  been  translated  into  German  by  Meissner, 
in  1828.) 

8.  Collection  de  memoires  pour  servir  a  I'histoire  da  Regno  Vegetal :  1**. 
Memoire  sor  la  famille  de  Melastomacees  ;  2°.  Memoire  sur  la  famille  des 
Crassalac^s :  2  vols.  4to,  Paris,  1828. 

9.  Memoire  sar  la  famille  des  Ombelliferes ;  4to,  Paris,  1829. 

10.  Memoire  sar  la  famille  des  Onagraires ;  4to,  Paris,  1829. 

11.  Memoire  sar  la  famille  des  Loranthacees  ;  4to,  Paris,  1830. 

12.  Memoire  sar  la  famille  des  Valerian^es;  4to,  Paris,  1832. 

13.  Conrs  de  Botaniqae ;  seconde  partie.  Physiologie  Vegetale  poar  servir 
de  saite  a  rOrganographie  Vegetale,  et  d'introdnction  a  la  Botaniqae  G^o- 
graphlqae  et  Agricole ;  vol.i — iii ;  8vo,  Paris,  1832. 

De  CandoUe  was  also  the  author  of  an  essay  on  Geographical  Botany, 
prefixed  to  the  second  volame  of  the  "Flora  Franoaise"  (1805),  Of  the 
article  "Geographic  botaniqae  et  agricole,"  ia  the  " Dictionnaire  d' Agricul- 
ture," published  in  1809.  Of  the  article  "Geographie  botanique,"  in  the 
"  Dictionnaire  des  Sciences  Naturelles,"  1820.  And  of  the  article  "  Phyto- 
graphie,"  in  the  "  Dictionnaire  classique  d'histoire  natureUe." 

[M.  De  CandoUe'sJMemoir  on  the  genas  Bratsica  was  reprinted  from  the 
Trantaciions  of  the  Hwticultural  Societtf  in  Phil.  Mag.-^  First  5?eries,  vol. 
Ixi,  p.  87.  -Ed.] 
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abstract  science.  The  spirit  of  independence  evinced  by  this  sacri- 
fice, together  with  the  extraordinary  aptitude  he  displayed  for  mathe- 
matical acquirements,  excited  the  interest  and  conciliated  the  affec- 
tion of  another  of  his  relations,  the  celebrated  Le  Sage,  by  whose 
instructions  and  counsels  the  most  salutary  infiuence  was  exercised 
over  the  studies  of  his  pupil.  Bertrand,  who  then  occupied  the  chair 
of  mathematics  in  the  same  college,  was  also  one  of  those  who  dis- 
cerned in  L'Huillier  the  dawn  of  genius ;  and  even  at  that  early 
period  he  regarded  him  as  destined  to  be  his  successor  in  that  pro- 
fessorship. 

As  L*Huillier  advanced  to  manhood,  it  became  necessary  for  him 
to  engage  in  some  active  employment,  in  which  he  could  turn  to  ac- 
count his  academical  attainments.  He  had  the  good  fortune,  at 
this  critical  time  of  his  life,  to  be  chosen  tutor  to  Prince  Czarto- 
rynski,  with  whom  he  remained  for  a  period  of  thirteen  or  fourteen 
years ;  ever  honoured  with  the  friendship  and  respect  of  all  the  mem- 
bers of  the  Prince's  family.  He  dedicated  to  the  father  of  his  pupil 
his  first  work,  which  was  published  at  Warsaw,  in  1782,  under  the 
title  of  De  relatione  mutud  capacitatis  et  terminoram  figurarum,  geo- 
metrice  considerata,  seu  de  Maximis  et  Minimis  pars  prior  elemen- 
taris ;  in  which  he  treats  geometrically,  and  with  singular  ele- 
gance and  vigour  of  demonstration,  all  the  elementary  problems 
relating  to  isoperimetric  figures  and  solids.  About  the  same  time 
he  presented  to  the  Academy  of  Berlin  a  memoir,  which  was  after- 
wards published  in  its  Transactions,  on  the  minima  relating  to  the 
&guxe  of  the  cells  of  bees,  a  subject  which  he  appears,  in  that  paper, 
to  have  exhausted.* 

The  prize  proposed  by  the  same  academy  in  1786,  was  adjudica- 
ted to  him  for  a  memoir,  which  was  since  published  under  the  title 
of  Exposition  eUmentaire  des  prindpes  des  calculs  superietirs.  In 
this  masterly  essay  the  differential  calculus  is  derived  from  a  principle 
which  D'Alembert  had,  in  the  first  edition  of  the  Encyclopedic^  so 
happily  illustrated,  and  which  is  now  so  generally  recognised  as  the 
basis  of  that  calculus ;  namely,  the  doctrine  of  limits. 

On  his  return  to  Geneva  in  1789, 1'Huillier  published  an  opuscle, 
which  acquired  great  celebrity,  entitled  La  Polygonometrie ;  ou  de 
la  mesure  des  figures  rectilignes,  et  abrege  d* isoperimetric  elementaire, 
ou  de  la  dependance  mutuelle  des  grandeurs  et  des  limites  des  figures ; 
at  the  conclusion  of  which  he  gives  a  masterly  summary  of  his 
former  researches  on  elementary  isoperimetry.  In  this  work  are 
given  several  formulae  of  great  generality,  and  which,  at  that  time, 
were  entirely  new,  and  were  calculated  to  facilitate  the  study  of 
niuuerous  relations  arising  from  the  perimeters  and  areas  of  polygons. 
About  the  same  period,  indeed,  Mascheroni  published  formulae  very 
analogous  to  those  of  I'Huillier :  but  the  latter  afterwards  succeeded 


[•  See  Phil,  Mag,y  Second  Series,  vol.  ir,  p.  3i3.-^£i>«] 
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.in  showing  that  he  had  aitived  at  the  same  results  by  original  pro- 
cesses. 

During  the  tempestuous  years  of  the  revolution,  rHuillier  sought 
in  Germany  the  retirement  so  necessary  to  his  pursuits ;  and  chose 
Tubingen  as  his  residence.  The  fruit  of  his  labours  during  this 
seclusion  was  a  work  almost  wholly  new,  which  appeared  at  Tubin- 
gen, in  1795,  under  the  title  Prineipiortm  calcidi  differenUaUi  et 
integraUs  expositio  elemeniaris. 

He  was  invited  about  this  time,  to  the  chair  of  the  Higher  Ma- 
themathics  in  the  University  of  Leyden  ;  but  his  attachment  to  his 
Jiative  country  was  too  deeply  rooted  to  admit  of  his  accepting  tlus 
flattering  offer :  and  eventuiJly,  in  June  of  the  same  year  (1795), 
he  attained  the  object  of  his  highest  ambition,  by  receiving,  after 
a  successful  public  competition,  the  appointment  of  Professor  of 
.  .Mathenuttics  in  the  Academy  of  Geneva. 

At  a  subsequent  period  he  was  associated  with  his  friend  and  col- 
league Professor  Prevost  in  the  composition  of  several  memoirs  on 
the  calculation  of  probabilities,  which  appeared  under  their  joint 
names  in  the  memoirs  of  the  Berlin  Academy.  The  questions 
treated  of  in  these  memoirs,  although  they  do  not  reach  the  higher 
problems  belonging  to  this  department  of  mathematics,  are  yet  re^ 
solved  by  methods  remarkable  for  their  perspicuity  and  elegance. 
L'Huillier  published,  in  1804,  hia  EUmensraisonnes  d' Algibre pubUh 
d  Vusage  des  etudians ;  in  2  vols.  8vo,  a  work  of  considerable  merits 
as  developing  with  clearness  the  true  principles  by  which  the  under- 
standing advances  from  that  which  is  known  to  that  which  is  unknown. 

His  last  work,  the  Elemens  d*  Analyse  Gkometrique  ei  Algkbrique 
appliquees  a  la  recherche  des  lieux  geometriques,  in  4to,  appeared 
in  the  year  1809.  It  was  dedicated  to  his  former  pupil.  Prince 
Czartorynski,  who  was,  at  that  time,  minister  of  public  instruction 
in  the  vast  empire  oif  Russia,  but  who  has  since  become  better 
known  to  Europe  as  the  most  illustrious  of  the  exiled  Poles. 

The  declining  health  of  L'HuiUier  obliged  him  at  length  to  resign 
a  professorship  which  he  had  held  during  five-and-twenty  years,  and 
the  duties  of  which  he  had  ever  discharged  with  the  most  unde- 
viating  regularity,  and  the  most  scrupulous  exactness.  Even  while 
suffering  acutely  from  a  painful  attack  of  sciatica,  he  insisted  on 
being  carried  to  his  class,  lest  any  detriment  should  arise  to  his 
pupils  from  an  interruption  to  his  lectures.  Many  of  these  pupils 
have  subsequently  distinguished  themselves  in  their  scientiflc  career  ; 
among  these  may  be  cited  one  of  our  illustrious  foreign  members, 
Professor  Sturm. 

For  the  simplicity  of  his  manners  and  the  strict  integrity  of  hia 
character,  L'Huillier  was  no  less  remarkable  than  for  the  vigour 
and  extent  of  his  mathematical  powers :  by  these  qualities  he  was 
endeared  to  his  friends,  and  esteemed  and  respected  by  all,  during 
a  life  protracted  beyond  the  ordinary  duration.  His  death  occurred 
on  the  28th  of  March,  1840,  when  he  had  nearly  completed  his  90th 


Proceedings  of  the  Royal  Society.  165 

year,  'with  a  constitution,  however,  which  had  some  time  previously 
been  shattered  and  broken  down  by  the  infirmities  incident  to  so 
advanced  an  age.* 

Felix  Savabt,  a  philosopher  distinguished  more  espedaUy  for 
his  researches  in  the  science  of  acoustics,  was  bom  on  the  30th  of 
June,  1791,  at  Mezidres,  the  capital  of  the  Department  of  the  Ar- 
liennes,  in  France.  He  very  early  exhibited  a  decided  turn  for  me* 
chanical  invention,  and  his  greatest  delight  was  to  contrive  and  con- 
struct with  his  own  hands  musical  instruments  and  apparatus  il- 
lustrative of  natural  philosophy,  a  study  of  which  he  was  passion- 
ately fond.  His  parents  had  been  connected  with  the  school  of 
engineers  at  M^ziSres  ;  and  several  of  his  relations  having  been  dis- 
tinguished as  artists,  he  was  himself  educated  with  a  view  to  die 
same  destination.  But  the  family  afterwards  removing  to  Metz,  the 
path  which  had  at  first  been  marked  out  for  him  was  abandoned, 
and  he  prepared  himself  for  another  profession,  by  directing  his 
whole  attention  to  medicine.  In  course  of  time  he  obtained  the 
appointanent  of  asaistcnt-surgeon  in  the  Military  Hospital.  Not 
satisfied  with  tli:  ^ .  j  ation,  he,  in  1814,  repaired  to  Strasburg  for 
the  purpose  of  .  ^  .  ^uting  his  medical  studies  in  the  Military  Hos- 
pital of  that  towii ;  aud  he  subsequently,  in  1816,  took  a  degree 
in  medicine  in  the  yniversity.  He  then  returned  to  his  paternal 
roof  at  Metz,  with  the  intention  of  settling,  and  of  applying  himself 
diligently  to  the  practice  of  his  profession.  But  on  being  restored 
to  the  scene  of  his  youthful  occupations,  the  renewed  sight  of  those 
philosophical  instruments  to  which  so  many  delightful  associations 
were  attached,  rekindled  in  full  force  the  innate  predilection  far  ibe 
physical  sciences,  which,  during  so  long  an  interval,  had  lain  dor- 
mant in  his  breast.  The  charms  of  science,  arrayed  in  her  most 
attractive  colours,  glittered  before  his  imagination,  and  were  con- 
trasted, in  his  ardent  mind,  with  the  cares,  the  toils,  and  the  anxie^ 
ties  of  the  profession  in  which  he  was  embarking.  He  yielded  to 
the  poweiful  fascination,  and  disregarding  all  considerations  of 
prudence,  took  the  irrevocable  step  of  abandoning  the  prospects 
which  were  opening  in  a  career  to  which  his  youth  had  been 
devoted,  and  by  which  alone  it  had,  till  then,  been  his  ambition  to 
earn  fortune,  reputation,  and  independence.  Confiding  in  his  know- 
edge  of  acoustics,  which  was  ever  his  favourite  study,  and  in  which 
he  conceived  he  had  made  discoveries,  he  quitted  his  provincial  do- 
micile, and  repaired  to  the  metropolis,  as  to  the  mart  where  his  ac- 
quisitions would  be  best  valued.  He  arrked  in  Paris  with  but  scanty 
means  of  immediate  support,  without  a  friend,  and  unprovided  with 
a  single  letter  of  recommendation.  But  fortune  took  him  by  Uie  hand, 
and  favoured  his  first  endeavour  to  obtain  notice.     He  presented 

*  The  above  account  is  derived  from  a  biographical  notioe  by  Profeaaor 
De  La  Rive,  wbieh  ibnns  part  of  the  Ccmptt  rendu  4e  Vetai  de  rinstnteHon 
puHiptede  Geneve  pendant  I* annie  icolaire,  1839-1840. 
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himself  to  Biot,  and  communicated  to  him  his  views,  and  the  results 
of  his  researches  in  acoustics.  He  met  with  the  kindest  reception 
from  that  philosopher,  who  had  himself  been  occupied  with  similar 
inquiries,  and  was  well  qualified  to  appreciate  the  merits  of  Savart. 
Biot  was  ever  after  his  friend  and  patron,  and  it  was  chiefly  through 
his  influence  that  Savart  was,  in  the  year  1 820,  appointed  Professor 
of  Natural  Philosophy  in  one  of  the  institutions  at  Paris ;  an  office 
which  he  continued  to  hold  till  the  year  1 827>  when  he  was  nomi- 
nated a  Member  of  the  Academy  of  Sciences.  Soon  after  this  he 
was  associated  with  Thenard,  as  Conservator  of  the  Cabinet  of  Phy- 
sics of  the  College  of  France.  Thus  raised  to  a  state  of  indepen- 
dence, he  had  full  leisure  to  devote  himself  to  the  science  he  had  ever 
particularly  cherished,  and  of  which  his  labours  have  greatly  ex- 
tended the  boundaries.  His  admirable  researches  on  the  laws  of 
the  vibrations  of  solid  bodies  of  different  forms  and  kinds,  and  in 
particular,  of  cords,  of  membranes,  of  rods,  whether  straight,  or  bent, 
or  of  an  annular  shape :  of  flat  discs,  and  of  solids  of  revolution,  both 
solid  and  hollow,  have  furnished  results  of  great  value  and  import- 
ance. His  investigation  of  the  structure  and  functions  of  the  seve- 
ral parts  of  the  vocal  organs,  and  his  theory  of  the  voice,  both  in 
man  and  in  the  lower  animals,  show  great  originality  of  research, 
and  have  thrown  considerable  light  on  a  very  difficult  department 
of  physiology. 

Savart  was  elected,  in  the  year  1839,  a  foreign  member  of  the 
Royal  Society,  an  honour  which  his  unconquerable  prejudice  against 
the  English,  and  everything  emanating  from  England,  prevented 
his  ever  acknowledging.  His  premature  death,  on  the  16th  of  March, 
1840,  has,  unfortunately  for  science,  arrested  the  brilliant  career  of 
discovery,  which  he  was  pursuing  with  so  much  ardour  and  success, 
and  will,  it  is  to  be  feared,  deprive  the  world  of  the  fruits  of  many 
of  his  unflnished  labours.* 


*  The  materials  for  the  above  sketch  were  fiimished  by  the  faneral  oration 
on  Savart  prononnced  before  the  Royal  Academy  of  Sciences  of  the  Institute 
of  France,  by  M.  Becqnerel,  on  the  18th  of  March,  1841. 

The  following  is  a  list  of  memoirs  by  F6lix  Savart  :— 

1.  M^moire  snr  la  construction  des  instnimens  a  cordes  et  a  arcbct. 
Paris,  1819. 

2.  M^moire  snr  la  commnnication  des  monvemens  vibratoires  entre  les 
corps  Bolides.    {Annates  de  C/iimie,  tome  xiv.) 

3.  Recherches  sur  les  vibrations  des  Tair.    (Ibid.  t.  xxiv.) 

4.  M^moire  snr  les  vibrations  des  corps  solides  considerces  en  general. 
(Ibid.  t.  XXV.) 

5.  Rechercbes  snr  les  usages  de  la  membrane  du  tympan  et  de  Toreille 
externe.    (Ibid.  t.  xxvi.) 

6.  Nonvelles  recberches  sur  les  vibrations  de  Tair.    (Ibid.  t.  xxix.) 

7.  Memoire  snr  la  voix  hnmaine.    (Ibid.  t.  xxx.) 

8.  De  rinflnence  exercce  par  divers  milienx  snr  la  nombre  de  vibrations 
des  corps  solides.    (Ibid.  t.  xxx.) 

9.  Note  sur  la  commnnication  des  monvemens  vibratoires  par  les  liqnides 
(Ibid.  t.  xxxi.) 
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Description  of  a  Thunder  Storm  as  observed  at  Woolwich  ;  with 
some  Observations  relative  to  the  Cause  of  the  Deflection  of  Elec- 
tric Clouds  by  High  Lands ;  and  an  account  of  the  Phenomena 
exhibited  by  means  of  a  Kite  elevated  during  the  Storm.  By  W. 
Sturgeon.* 

On  Saturday  evening,  June  14th,  about  eight  o'clock,  an  electric 
storm  passed  partly  over  tliis  place,  exhibiting  lightning  the  raost 
splendid  I  ever  beheld.  The  wind  was  pretty  brisk  from  S.  by  W., 
about  the  6rst  appearance  of  the  storm,  and  if  the  electric  clouds  had 
obeyed  the  force  of  the  wind  only,  the  principal  part  of  them  would 
have  come  directly  over  us.  This,  however,  was  not  the  case,  for 
instead  of  their  being  carried  over  Woolwich,  in  the  direction  of  the 
wind,  the  most  formidable  group  of  them,  and  consequently  the 
greatest  fury  of  the  storm,  were  deflected  out  of  the  wind's  track 
before  their  arrival  at  Shooter's  Hill,  and  were  carried  over  the  low 
lands  on  the  other  side  of  the  hill,  toward  the  Thames,  in  a  direction 
nearly  from  W.S.W.,  to  E.N.E. 

The  deflection  of  electrised  clouds  out  of  the  wind's  direction^ 
though,  perhaps,  not  much  noticed,  is  a  very  common  circumstance 
in  the  neihgbourhood  of  high  lands,  especially  if  those  lands  are 

•  From  the  Phil,  Mag.  Dec.  1 834. 

10.  Mdmoire  ear  la  voix  dea  oiseanx.    (Ibid.  t.  xxxii.) 

1 1.  Note  HOT  les  modes de  dirision  des  corps  en  vibration.    (Ibid.  t.  xxxii.) 

12.  Note  sm*  lea  sons  prodaits  dans  I'exp^rience  de  M.  Clement    (Ibid. 

t.  XXXV.) 

13.  Rechercbes  snr  les  vibrations  normales.    (Ibid.  t.  xxxvi.) 

14.  M^moire  snr  an  moavement  de  rotation  dont  le  systeme  de  parties 
vibrantes  de  certains  corps  devient  le  siege.    (Ibid.  t.  xxxvi.) 

15.  Snr  la  decomposition  de  rammoniaqae  par  les  metanx.  (Ibid.  t. 
XXX  vii.) 

16.  Rechercbes  sor  I'^I&sticit^  des  corps  qui  cristallisent  regnlierement. 
(Ibid.  t.  xl.) 

17.  Rechercbes  snr  la  stractnre  des  metanx.    (Ibid,  xli.) 

18.  Memolre  snr  la  reaction  de  torsion  des  lames  et  des  verges  rigides. 
(Ibid.  t.  xli.) 

19.  Note  snr  la  sensibility  de  Torgane  de  Tonle.    (Ibid  t.  xlir.) 

20.  Note  snr  la  perception  des  sons  graves,    (ibid  t.  xlvii.) 

21.  M^moire  sor  la  constitution  des  veines  liquides  lanc^es  pas  des  orifices 
circolaires  en  minces  parois.    (Ibid.  t.  liii.) 

22.  Memoire  sor  le  choc  d'nne  veine  liqnide  lancee  contre  nn  plan  cir- 
cnlaire.    (Ibid  t.  liv.) 

23.  Memoire  snr  le  cboc  de  denx  reines  liqnides  anim6cs  de  monvemens 
directement  opposes.    (Ibid.  t.  Ix.) 

24.  Rechercbes  snr  les  vibrations  longitadinales.    (Ibid.  t.  Ixv.) 

25.  Extrait  d'nn  memoire  snr  les  modcK  de  division  des  plaqnes  vibrantes. 
(Ibid.  t.  Ixxiii.) 

26.  Note  snr  les  canses  qni  determinent  le  degre  d'elevation  des  sons 
(Ibid.  t.  Ixxv.) 

27.  Biot  et  Savart.— Snr  la  mesnre  de  Taction  exercee  a  dijitance  snr 
une  particalo  de  mngnetisme  par  nn  fil  conjunctif.  (Journal  de  Phyxique. 
t.  xci.) 
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composed  of  materials  which  are  bad  conductors  of  electricity.  For 
although  they  do  not  absolutely  refuse  the  transmission  of  the  elec- 
tric matter  driven  to  the  surface  of  the  hill  from  the  lower  strata  of 
air*  by  the  disturbing  force  of  the  condensed  electric  fluid  in  the 
clouds,  the  transfusion  into  the  ground  is  too  tardily  performed  to 
prevent  accumulation  on  the  surface,  which  consequently  becomes 
charged  in  the  same  state  as  the  cloud«  that  are  approaching  it.  A 
reaction  immediatelv  takes  place,  and  a  consequent  repulsion  or  de- 
flection of  the  clouds  is  produced.  This  electiic  force  now  opera- 
ting in  conjunction  with  the  wind,  gives  the  cloud  a  new  direction  of 
motion,  and  urges  it  over  a  tract  of  country  composed  of  better 
conductors,  which  are  more  susceptible  of  being  transpierced  by  the 
electric  matter  than  those  from  which  the  cloud  was  deflected. 
Hence  it  is  that  electric  storms  are  more  frequent  and  more  violent 
over  marshy  lands,  rivers,  &c.,  than  over  drier  and  more  elevated 
tracts  of  country  .f 

These  causes  operated  in  a  very  beautiful  manner  in  giving  direc- 
tion to  the  storm  on  Saturday  evening.  The  principal  group  of 
clouds,  as  before  stated,  never  reached  Shooter's  Hill,  but  was  carried 
over  the  low  wet  lands,  on  the  other  side,  to  the  Thames ;  and  the 
foremost  clouds  were  taken  to  the  other  side  of  the  river,  and  over  a 
considerable  tract  of  the  Essex  marshes.  At  this  period  another 
direction  was  given  to  the  storm,  and  the  new  combination  of  forces 
urged  it  in  the  direction  of  the  river,  a  route  which  electric  storms 
visiting  this  neighbourhood  very  frequently  take. 

Its  progress  down  the  river  was  exceedingly  slow,  owing,  as  I 

*  The  asperifoliotis  plants,  and  the  vegetable  clothing  of  the  land  gener- 
ally, especially  at  this  season  of  the  year,  receive  the  electric  fluid  from  tiie 
atmosphere  in  great  akmndance ;  and  the  myriads  of  vegetable  points,  sharp 
edges,  &c.,  presented  to  the  air,  ofier  every  facility  for  its  reception  on  any 
emergency  of  pressmre  emanating  from  the  repnlsive  force  of  a  highly  diarged 
cloud.  The  surface  of  the  land  thus  becomes  charged  at  the  expense  of  the 
air,  each  graduallv  resuming  its  natural  electric  equilibrium  again,  as  the 
disturbing  force  withdraws  its  influence,  by  the  progress  of  the  cloud  in  its 
course.  Thus  new  tracts  of  country  become  charged  in  succession  as  the 
cloud  approaches  them,  and  an  electncal  tide  sweeps  the  face  of  the  land  by 
^e  floating  influence  above. 

It  is  on  Siis  account  that  insulated  kite-strings,  exploring  rods,  &c.,  fre- 
quently become  negatively  electric  at  the  approach,  and  during  the  transit, 
of  clouds  of  this  description.  But  if  the  kite  or  Ihe  exploring  rod  were  to 
reach  into  the  cloud,  it  is  not  likely  that  either  of  them  would  ever  be  found 
in  a  negative  state.  I  am  speaking  of  the  princi])al  influencing  cloud,  and 
notofuose  straggling  thin  patches  in  their  vicinity,  which  frequently  be- 
came negative  by  a  portion  ot  the  electric  matter  which  they  before  possessed 
being  driven  out  of  uiem  by  the  predominating  electric  force  of  the  superior 
cloud.  In  the  same  manner,  an  insulated  metallic  rod  furnished  witti  fine 
points  or  sharp  edges  at  its  farther  extremity,  may  have  its  natural  electric 

t  Immense  tracts  of  flat  country,  frequently  become  charged  in  the  same 
manner  and  from  the  same  cause  as  ranges  of  hills  are  charged ;  but  the 
repulsive  force  from  such  places  is  direiSed  vertically,  and  not  so  directly 
opposed  to  the  horizontal  direction  of  the  cloud's  motion  as  that  proceeding 
from  the  side  of  a  high  hill. 
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sappose,  to  the  wind  (though  mach  slackened  before  this  time)  being 
more  directly  opposed  to  it.  I  had  been  floating  an  electric  kite 
in,  the  Artillery  fiarrack-field  during  the  transit  of  that  part  of  the 
storm  which  passed  over  Woolwich.  I  had  got  completely  wet  with 
the  heavy  rain  which  fell  daring  the  time ;  notwithstanding  which, 
the  unusual  fineness  of  the  lightning  which  was  playing  over  the 
river  and  marshes  induced  me  to  pursue  it  with  my  eye,  when,  from 
its  distance,  1  could  no  longer  explore  the  theatre  of  Uie  resplendent 
exhibition.  I  walked  to  the  top  of  Wellingtou-streety  from  which 
place  I  had  an  exceedingly  fine  view  of  the  storm,  now  too  distant  to 
near  even  a  feeble  murmur  ofthose  thunders,  which,  I  am  persuaded 
I  may  safely  affirm,  were  to  the  inhabitants  in  their  immediate 
vicinity  terrible  to  an  unusual  degree. 

It  was  now  nine  o'clock,  and  the  lightning  was  magnificent  indeed. 
Nature  appeared  as  if  disposed  to  gratify  the  utmost  extent  of  curi- 
osity by  an  unremitting  display  of  her  electrical  elemental  fire. 

For  about  half  an  hour  the  storm  appeared  to  be  nearly  station- 
ary, hovering  over  a  tract  of  the  low  land  on  the  Essex  and  Kent 
sides  of  the  Thames,  perhaps  not  far  from  Porfleet.  The  lightning 
was  unusually  refulgent;  the  flashes  in  rapid  succession,  and  dis- 
charged in  every  possible  direction  that  can  be  imagined,  and  gene- 
rally through  a  longer  striking  distance  than  I  had  ever  before 
noticed.  Three  or  four  discharges,  which  occured  a  little  after  nine 
o'clock,  darted  through  a  horizontal  arch  of  about  60^  each ;  and 
several  of  those  which  were  directed  vertically  and  oblique  to  the 
horizon,  shot  through  30^  or  40^  the  fluid  being  visible  in  every 
part  of  the  circuit 

fluid  driven  ont  of  It  into  the  air,  by  the  approximation  of  a  positively  chutged 
body  at  the  other  end. 

I  have  never  yet  found  the  atmosphere  negative  with  regard  to  the  earth 
at  any  other  time  than  when  modified  by  such  canses  as  I  have  pointed  ont. 
I  have  made  upwards  of  fonr  hundred  electric  kite  experiments,  under  almost 
every  circnmstance  of  weather,  at  various  times  of  the  day  and  night,  and  in 
every  season  of  the  year ;  I  have  experimented  on  Shooter's  Hill,  and  on  the 
low  lands  on  the  Woolwich  and  Welling  sides  of  it,  and  the  experiments  in 
the  three  difierent  places  within  an  hoar  of  each  other ;  I  have  done  the 
same  on  Chatham  Imes,  and  in  the  valley  on  the  Chatham  side  of  them ;  oH 
Norwood  Hill,  and  in  the  plain  at  Addiscombe  ,*  also  on  the  top  of  the  Mo- 
nnment  in  London,  and  during  the  present  year,  on  the  top  of^some  of  the 
high  hills  in  Westmoreland  and  in  the  North  Riding  of  Yorkshire;  and  in 
every  case  I  have  fonnd  the  atmosphere  positive  with  regard  to  the  ground. 
In  most  of  these  cases,  the  stations  at  the  tops  of  the  hills  were  higher  than 
the  place  of  the  kite  when  the  experiments  were  made  at  the  lower  ones. 

I  nave  floated  three  kites  at  the  same  time,  at  very  diflerent  altitndet, 
and  have  uniformly  found  the  highest  to  be  positive  to  the  other  two,  aod 
the  centre  kite  positive  to  that  which  was  below  it;  conseauently  the  lowest 
one  was  negative  to  the  two  above  it ;  but  still  it  was  positive  to  the  ground 
on  which  I  was  standing.  I  have  made  more  than  twenty  experiments  of 
this  kind,  and  the  resolts  (with  the  exception  of  electric  tension)  were  invavi- 
ablv  the  same ;  showing  most  decidedly  that  the  atmosphere  in  its  un^Us- 
toroed  electric  state  is  more  abundantly  charged  than  the  earth,  and,  as  ihr 
as  I  have  been  able  to  explore  it,  still  more  abnndantiy  in  the  upper  than 
in  the  lower  strata. 

l2 
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If  this  lightning  was  discharged  over  Purfleet,  or  thereabouts,  as 
I  have  supposed,  it  would  be  about  eight  miles  from  where  I  was 
standing.  Now  allowing  seven  miles  to  be  the  mean  distance  of 
the  lightning  discharged  in  a  track  at  right  angles  to  the  line  of 
sight,  the  angle  of  50^  would  give  a  chord  of  nearly  six  miles  and  a 
half  for  the  striking  distance,  or  the  tract  of  air  through  which  the 
lightning  travelled  visibly  at  one  discharge.  The  apparently  verti- 
cal and  oblique  discharges  were  much  nearer  in  some  part  of  the 
circuits  than  those  which  shot  through  the  extraordinary  horizontal 
ranges.  The  rain,  I  imagine,  was  falling  in  torrents,  which  would 
greatly  facilitate  the  transmission  through  long  striking  distances. 
Moreover,  the  inferior  density  of  the  air  in  the  region  of  the  clouds, 
and  the  thin  aqueous  vapours  which  are  floating  there,  tend  very 
much  to  facilitate  the  transmission. 

Buildings,  trees,  and  other  tall  objects  are  not  usually  struck  by 
lightning  before  the  falling  of  rain,  the  dry  dense  air  offering  too 
great  a  resistance  to  be  transpierced  from  the  clouds  to  the  ground. 

From  the  time  that  the  clouds  arrived  within  the  influence  of  the 
Thames,  they  seemed  to  travel  nearly  in  its  direction ;  for  although 
the  lightning  played  over  some  miles  of  country  on  both  sides  of 
its  banks,  the  river  appeared  to  be  the  direction  line  to  the  focus  of 
the  storm,  which,  if  not  earlier  disposed  of,  would  probably  be  tran- 
sported by  it  to  the  Nore  or  to  the  Channel;  a  direction  nearly  at 
right  angles  to  that  of  the  wind  at  this  place. 

The  lightning  was  very  fine  from  the  straggling  clouds  which 
passed  over  our  heads,  and  from  others  which  crossed  the  Thames 
much  nearer  to  London.  These  clouds  separated  from  the  splendid 
group  already  noticed,  and  travelled  in  the  direction  of  the  wind 
towards  the  N.,  or  N.  by  E.,and  would  if  not  obstructed,  discharge 
their  lightnings  as  a  distinct  storm  over  the  country  about  Waltham, 
Epping,  Chipping  Ongar,  Harlow,  &c. 

The  wind  had  abated  to  such  a  degree  before  I  arrived  in  the 
Barrack-field,  and  the  rain  fell  so  heavily  during  the  time  I  was 
there,  that  it  was  with  some  difficulty  that  I  got  the  kite  afloat  and 
when  up,  its  greatest  altitude,  I  imagine,  did  not  exceed  fifty  yards. 
The  silken  cord  also,  which  had  been  intended  for  the  insulator,  soon 
became  so  completely  wet  that  it  was  no  insulator  at  all.  Notwith- 
standing all  these  impediments  being  in  the  way,  I  was  much  grati- 
fied with  the  display  of  the  electric  matter  issuing  from  the  end  of  the 
string  to  a  wire,  one  end  of  which  was  laid  on  the  ground,  and  the 
other  attached  to  the  silk  at  about  four  inches  distance  from  the  reel 
of  the  kite  string.  An  uninterrupted  play  of  the  fluid  was  seen  over 
the  four  inches  of  wet  silken  cord,  not  in  sparks,  but  in  a  bundle  of 
quiverinu^  purple  ramifications,  producing  a  noise  similar  to  that 

groduced  by  springing  a  watchman's  rattle.  Very  large  sparks, 
owever,  were  frequently  seen  between  the  lower  end  of  the  wire, 
which  rested  on  the  grass  and  the  ground ;  and  several  parts  of  the 
string  towards  the  kite,  where  the  wire  was  broken,  were  occasionally 
beautifully  illuminated.    The  noise  from  the  string  in  the  air  was 
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like  to  the  hissing  of  au  immense  flock  of  geese,  with  an  occasional 
rattling  or  scraping  sort  of  noise. 

Two  non-commissioned  officers  of  the  Royal  Artillery  were 
standing  by  me  the  whole  of  the  time,  who,  unaware  of  the  conse- 
quence, would  gladly  have  approached  close  to  the  string;  and  it 
was  not  until  I  had  convinced  them  of  the  danger  of  touching,  or 
even  coming  near  to  it,  at  a  time  when  the  lightning  was  playing 
about  us  in  every  direction,  that  I  could  dissuade  them  from  grati- 
fying their  curiosity  too  far  ;  probably  at  the  expense  of  their  lives. 
We  anxiously  and  stedfastly  watched  what  was  going  on  at  Uie  end 
of  the  string,  and  the  display  was  beautiful  beyond  description. 
The  reel  was  occasionally  enveloped  in  a  blaze  of  purple  aborized 
electric  fire,  whose  numberless  branches  ramified  over  the  silken 
cord,  and  through  the  air  to  the  blades  of  grass,  which  also  became 
luminous  on  tlieir  points  and  edges,  over  a  surface  of  some  yards 
in  circumiereuce.  We  also  saw  a  complete  globe  of  fire  pass  over 
the  silken  cord  between  the  wire  and  reel  of  the  kite^tring*  The 
soldiers  thought  it  about  the  size  of  a  musket  ball.  It  was  exceed- 
ingly brilliant,  and  was  the  only  one  that  we  notioed. 

I  had  no  electrometer  with  me,  nor  any  apparatus  with  which  I 
perform  chemical  and  magnetical  experiments  by  atmospheric  elec- 
tricity ;  hence  the  whole  of  the  time  on  this  occasion  was  devoted  to 
mere  observation. 

The  following  is  a  notice,  extracted  from  the  Lancaster  Gazette 
of  the  5th  of  April  last,  of  some  experiments  made  with  an  electri- 
cal kite  at  Kirby  I^onsdale,  in  Westmoreland  :— 

On  Saturday  the  29th  of  March,  I  had  a  very  favourable  oppor* 
tunity  of  demonstrating  experimentally  to  several  of  my  friends  at 
Kirby  Lonsdale,  who  had  attended  my  recent  course  of  lectures  at 
that  place  that  an  abundance  of  the  electric  fluid  usually  attends 
hail  and  snow  storms.  The  wind  was  pretty  brisk,  cold,  and  from 
the  W.  by  N.  nearly  the  whole  of  the  day.  There  were  several  hail 
showers,  each  of  which,  with  a  simultaneous  increase  of  wind,  be- 
came a  complete  transient  storm. 

During  three  oi'  these  hail  storms,  I  floated  one  of  my  silken 
electric  kites,  with  a  wired  string  of  about  300  yards  long,  and 
insulated  in  the  usual  way  by  means  of  a  silken  cord. 

The  kite  was  elevated  in  each  experiment  about  ten  minutes 
prior  to  the  arrival  of  the  hail  storm,  and  the  electric  state  of  the  atmos- 
phere ascertained,  which  was  found  to  be  so  exceedingly  feeble  that 
not  the  slightest  spark  could  be  observed.  As,  however,  the  cloud  from 
which  the  hail  was  falling  approached  the  kite,  the  fluid  from  the 
string  presented  itself  in  brilliant  sparks  to  the  knuckle;  and  during 
the  transit  of  the  cloud,  became  so  abundantly  discharged  to  a  wire 
presented  to  the  string,  that  it  struck  in  rapid  succession  through  a 
stratum  of  six  inches  of  air ;  and  through  three  inches  of  air,  it 
presented  a  splendid  continuous  stream  of  electric  fire.  As  the 
cloud  receded  from  the  kite,  by  advancing  in  its  aerial  course,  the 
electric  discharges  became  less  and  less  brilliant,  and  continued  to 
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diminish  id  splendour  and  energy  with  the  recession  of  the  passiog 
storm,  ultimately  vanishing  altogether  by  the  emergence  of  the  kite 
from  the  electric  influence  of  the  cloud. 

These  appearances  were  exhibited  in  each  experiment,  bat  the 
display  of  the  electric  fire  was  the  most  magnificent  in  the  second, 
which  was  the  fiercest  hail-storm  of  that  day,  and  happened  between 
two  and  three  in  the  afternoon.  During  an  early  part  of  this  storm 
the  electric  fluid  made  a  continuous  rattling  noise  down  the  kite-string 
(in  consequence  of  the  wire  being  broken  in  several  places),  and 
darted  from  the  reel  at  the  inferior  extremity,  to  greater  distances 
than  in  either  of  the  other  experiments.  In  one  instance  it  struck 
over  a  stick  a  yard  long,  to  the  hand  of  a  young  man  named  Croft, 
who  was  presenting  it  to  the  kite  string.  Although  the  remote  end 
of  the  stick  was  in  connexion  with  the  ground  by  means  of  a  very 
wet  string,  and  consequently  a  considerable  discharge  must,  at  the 
same  time,  have  passed  down  the  wet  string  to  the  earth,  the  shock 
was  so  violent  as  to  make  Mr.  Croft  reel  and  nearly  fall ;  and  I 
have  some  reason  to  suppose  that  it  has  left  an  impression  on  his 
memory,  which  time  will  not  speedil  v  obliterate.  The  kite-strings, 
however,  broke  soon  afterwaros,  and  consequently  the  experiments, 
on  that  occasion,  terminated  very  abruptly,  and  unfortunately  at  a 
time  also  when  the  fire  was  streaming  from  the  string  in  the  gpreatest 
abundance,  and  with  a  degree  of  splendour  better  imagined  than 
described. 

During  the  third  time  that  the  kite  was  afloat,  about  two  hours 
after  the  former,  several  gentlemen  present  experienced  smart  elec- 
tric shocks  direct  from  the  kite-string. 

Artfllerj  Place,  Woolwieh, 
June,  16,  1834. 
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The  Stndy  of  the  Phenomena  which  are  produced  hy  Currents  dis- 
continued  and  transmitted  in  contrary  directions,  when  they 
traverse  a  Circuit  formed  of  MetaUic  and  Liquid  Conductors ; 
preceded  hy  Preliminary  Researches  on  the  Oxidation  of  Pla- 
tinum. 

(Continned  from  page  98.) 

PART    SECOND. 

In  renewing  the  study  of  the  phenomena  which  have  formed  the 
subject  of  my  preceding  memoir,  I  perceived  that  they  almost  all  had 
their  source  in  the  peculiar  chemical  effects  which  the  currents  made 
use  of  produced  by  induction.  These  currents  owed  to  the  circum* 
stance  of  their  being  transmitted  alternately  in  contrary  directions, 
the  fact  of  bringing  successively  upon  the  metallic  conductors 
which  conveyed  them  into  a  liquid,  the  opposite  elements  which 
compose  this  liquid— oxygen  and  hydrogen,  for  example,  if  it  is 
water.  Now,  this  rapidity  with  which  these  contrary  elements  suc- 
ceed each  other  on  the  same  metallic  surface,  determine  in  them 
chemical  effects  of  a  remarkable  order.  The  result  is,  that  the 
relative  part  which  the  metallic  and  liquid  conductors  play  in  a 
circuit  so  composed,  is  quite  different  accordingly  as  the  currents 
which  this  circuit  transmits  are  continued,  or  are  transmitted  alter- 
nately in  contrary  directions.  It  appeared  to  me  that  I  was  bound 
to  seek  in  what  this  difference  really  consisted,  and  that  with  these 
causes,  I  ought  to  commence  my  work :  it  is,  then,  to  this  study  that 
I  devote  this  second  part  of  my  memoir,  reserving  to  myself  the 
task  of  developing  at  a  future  time  its  applications  aud  conse- 
quences. 

But  previous  to  advancing  directly  to  the  particular  point  of  there* 
searches  which  I  have  just  referred  to,  I  shall  treat  on  a  question  which 
is  intimately  connected,  and  the  previous  solution  of  which  is  of 
great  importance  to  the  following  part  of  my  work.  I  mean  to 
speak  of  the  property  which  platinum  has  of  becoming  oxidized  under 
jinn,  of  EUc.  Vol  IX,  No.  60,  September,  1842.  m 
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the  immediate  actioo  of  oxygen.  I  had  already  suspected  the  ex- 
istence of  this  property  from  several  phenomena  which  I  have  re- 
ferred to  in  my  former  memoir.  But  I  have  always  felt  that  before 
regarding  it  as  completely  demonstrated,  and  capable  of  being  ad- 
mitted as  the  basis  of  interpretation  of  so  many  results,  that  it  ought 
to  be  supported  on  proofs  drawn  from  direct  experiment  This  is 
what  I  have  endeavoured  to  do,  and  it  is  the  result  of  this  work  that 
I  am  about  to  detail  in  the  first  section  of  this  second  part  of  my 
memoir.  Perhaps  it  will  be  found,  at  first  glimpse,  that  this  ques- 
tion is  in  some  degree  strange  to  the  principal  subject  of  my 
memoir;  but,  as  will  be  shown  in  the  second  section,  it  is  so  little 
so,  that  the  greater  part  of  the  phenomena  which  are  described  in 
this  section  are  more  or  less  completely  attached  to  it.  Besides,  the 
subject  of  the  oxidation  of  platinum  itself,  and  the  consequences  which 
may  be  drawn  from  it  in  aifferent  points  of  view,  appeared  to  me  to 
present  sufficient  interest  to  justify  me  in  supposing  that,  even  if  it 
was  a  digression,  and  that  of  some  extent,  it  was  one  which  I  dare 
not  forego,  seeing  that  the  question  was  not  treated  of  in  a  manner 
sufficiently  complete  to  form  a  memoir  alone. 


nRST  SECTION. 

I. — Preliminary  Researches  on  the  Oxidation  of  Platinum. 

I  have  attributed,  in  my  preceding  memoir,  the  formation  of  the 

Snlverulent  coating  with  which  the  surface  of  the  platinum  wires 
ecomes  covered,  when  they  are  used  to  transmit,  during  a  certain 
time  into  a  liquid  conductor,  the  magneto-electric  current,  to  the 
oxidation,  and  to  the  successive  reduction  which  the  surface  of  the 
metal  undergoes,  by  the  alternate  disengagement  of  oxygen  and  hy- 
drogen, which  proceeds  from  the  decomposition  of  the  water,  operated 
upon  by  these  currents.  I  have  likewise  admitted  the  idea,  that  if  we 
have  not  recognised  sooner  the  faculty  which  platinum  possesses  of 
becoming  oxidized,  it  is  because  we  have  not  distinguished  the 
simple  superficial  oxidation,  which  is  the  only  one  of  which  the 
metals  called  non-oxidahle  are  susceptible,  from  the  oxidation  of 
which  the  oxidable  metals  are  susceptible :  an  oxidation  which  pene- 
trates more  or  less  profoundly  beneath  their  surface,  as  by  the  effect 
of  a  real  cementation.  I  will  give,  in  a  few  words,  the  motives  which 
have  led  me  to  draw  these  consequences  from  the  fact  which  I  have 
just  referred  to,  in  order  to  discover  the  formation  of  the  pulverulent 
coating. 

1st.  The  phenomenon  takes  place  exactly  in  the  same  manner  with 
the  metals  which  are  well  known  to  be  oxidable,  such  as  silver 
and  copper;  only  the  formation  of  the  pulverulent  coating  is  more 
rapid  on  these  latter  metals,  and  the  aisengagement  of  gas  which 
takes  place  at  the  commencement  ceases  almost  immediately,  whilst 
that  wiih  wires  of  gold,  and  still  more  so  that  with  platinum,  is  of 
considerable  duration. 
2nd.  There  is,  however,  a  moment  in  which  the  disengagement  of 
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gas  ceases  also  with  the  gold  and  platinum  wires ;  and  it  ceases 
when,  even  as  in  the  case  of  the  other  metals,  the  surface  having 
become  very  much  divided,  oxidation,  and,  consequently,  the  reduc- 
tion of  the  metals,  is  greatly  facilitated ;  but  it  requires  a  longer 
time  with  platinum  than  for  Uie  other  metals  to  arrive  at  the  point 
where  the  gases  are  no  longer  visible. 

3rd.  When  we  continue  the  transmission  of  magneto-electnc  cur- 
rents, even  when  the  disengagement  of  gas  no  longer  takes  place,  we 
perceive  a  rapid  succession  of  changes  of  colour  on  the  surface  of 
the  gold  or  platinum  wires,  similar  to  those  which  are  seen  on  the  sur- 
face of  wires  of  oxidable  metals,  and  particularly  silver,  in  the  same 
circumstances.  Tlie  changes  of  colour  correspond  exactly  to  the 
alternate  disengagement  of  oxygen  and  hydrogen  produced  by  the 
currents,  and,  consequently,  to  die  alternate  oxidation  and  reduc- 
tion of  the  metal. 

The  motives  which  precede,  and  which  I  have  drawn  from  experi- 
ments contained  in  my  preceding  memoir,  did  not  yet  appear  to  me, 
as  I  have  already  stated,  sufficient  to  warrant  the  admission  as  a  prin- 
ciple acquired  to  science — the  fact  of  the  oxidation  of  platinum  under 
the  immediate  action  of  oxygen.  I  then  took  up  the  subject  anew, 
with  the  view  of  studying  it  more  closely,  so  as  to  prove  in  a  decisive 
manner  this  new  property,  and  to  follow  sp  some  of  its  consequenpes. 

I  sought  at  first  to  show  that  platinum  may  become  oxidized  and 
deoxidized  by  the  immediate  action  of  oxygen  and  hydrogen  dis- 
engaged at  positive  and  negative  poles  of  a  pile.  I  shall  show  in  the 
sequel  that  it  is  in  the  oxidation  of  which  platinum  is  susceptible,  that 
we  may  find  the  cause  of  electric  currents  which  are  produced  in 
many  cases  by  a  pair  of  plates  60th  of  which  are  platinum  ;  in  fine, 
I  shall  signalize  some  phenomena  of  another  order,  which  seem  to 
me  to  depend  on  the  property  of  platinum  to  become  oxidized,  and, 
consequently,  furnjsh  new  jiroofs  of  the  existence  of  this  property. 

Vl,-^ Action  on  Platinum  of  Oxygen  and  Hydrogen  disengaged  at 
the  Positive  and  Negative  Poles  of  a  Pile, 

In  order  to  prove  directly  the  oxidation  of  platinum,  I  endea- 
voured to  expose  a  large  surface  to  the  action  of  the  nascent  oxygen, 
by  making  use  of  the  positive  pole  of  a  pile  in  acidulated  water,  and 
then  transporting  it  afterwards  lo  the  negative  pole.  I  took  for  the 
second  pole  a  very  fine  wire,  very  short,  and  likewise  of  platinum,  in 
order  to  establish  the  greatest  difierence  possible  between  the  two 
surfaces.  I  collected  with  care,  and  separately  in  graduated  tubes, 
the  gas  disengaged  at  each  of  the  poles,  and  when  the  relation  be- 
tween the  quantities  of  oxygen  and  hydrogen  was  not  exactly  that 
which  constitutes  water,  1  concluded  that  the  gas  which  was  not 
found  in  sufficient  quantity  for  the  proportion  necessary,  had  been 
employed  to  oxidize  or  to  deoxidize  the  great  surface  of  platinum,  ac- 
cordingly as  it  was  the  oxygen  or  hydrogen  that  was  in  minority.* 

*  We  should  rather  mipiKMe  that  the  e^eeu  of  one  or  the  other  of  these 
gasei  is  intended  to  be  understood. —£dit. 

u2 
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These  experiments  have  been  made  successively  with  nitric  acid 
«ind  with  sulphuric  acid,  diluted  with  nine  parts  of  water  in  volume ; 
the  two  acids  were  perfectly  pure  as  was  the  water  likewise.  The 
results  have  constantly  appeared  to  me  more  conclusive  with  the 
solution  of  sulphuric  acid;  because  in  this  solution,  the  water 
alone  was  decomposed,  whilst  in  the  nitric  acid  solution,  a  part 
of  the  acid  itself  being  decomposed,  the  gases  disengaged  were  not 
uniformly  oxygen  and  hydrogen ;  there  was  found  a  little  of  the 
oxide  of  azote,  and  even  pure  azote.  This  inconvenience  was  after- 
wards avoided  by  employing  nitric  acid  extremely  diluted,  but  it  then 
became  necessary  to  have  a  very  strong  pile. 

After  having  well  cleansed  a  plate  of  platinum*  of  twenty  centi- 
metres in  length  by  three  in  breadth,  ana  washed  it  in  distilled  water, 
I  rolled  it  into  a  spiral,  and  plunged  it  into  water  acidulated  with  sul- 
phuric acid,  under  a  graduated  tube  filled  with  the  same  liquid ;  a  very 
fine  and  short  platinum  wire  was  plunf^ed  into  the  same  acidulated  wa- 
ter under  a  tube  equally  graduated.  We  could  make  the  plate  and  the 
wire  communicate  wi^  the  poles  of  a  pile  by  means  of  a  platinum 
wire  which  was  enclosed  in  tubes  of  glass,  in  such  a  manner  that 
the  gases  proceeding  from  the  decomposition  of  the  liquid  were 
entirely  received  in  each  of  the  graduated  tubes  or  measures.  The 
plate  was  first  brought  into  communication  with  the  pole  — ,  and  the 
wire  with  the  pole  -f- :  exactly  100  centimetres  of  hydrogen  were 
obtained  at  the  plate,  and  fiftj  of  oxygen  at  the  wire.  The  poles 
were  changed :  there  was  then  sixteen  cubic  centimetres  of  oxygen  at 
the  plate,  and  forty-one  of  hydrogen  at  the  wire;  there  was  wanting 
then  four  and  a  half  cubic  centimetres  of  oxygen,  which  had  been 
taken  by  the  plate.  This  oxygen  hadnot  the  power  of  being  employed 
in  combining  with  the  hydrogen  whic\t  should  have  been  retained  by 
the  plate  when  it  was  in  connexion  wit\i  the  negative  pole.  In  fact, 
since  hydrogen  was  not  wanting  in  the  former  experiment,  it  did  not 
remain  adhering  to  the  plate.  Beside,  in  this  experiment,  as  in  the 
following:,  care  was  always  taken  to  shake  \he  plates  very  much,  to 
detach  all  the  gas  from  them  which  might  remain  adhering  to  their 
surface. 

In  another  experiment,  after  carefully  clewising  the  plate  as 
always  before  observed,  it  was  first  put  in  communication  with  the 
-|-  pole,  and  the  wire  with  the  —  pole  :  eight  cub^c  centimetres  of 
oxygen  were  obtained  at  the  plate,  and  twenty  of  hydrogen  at  the 
wire ;  thus  there  was  wanting  two  cubic  centimetres  oV  oxygen.  The 
poles  were  reversed,  and  there  was  now  obtained  at  the  wire  ten  cubic 
centimetres  of  oxygen,  and  fifteen  or  sixteen  of  hydrogen  4t  the  plate; 
there  was  wanting  from  four  to  five  cubic  centimetres  of  hydrogen, 
almost  double,  and  consequently  the  equivalent  of  the  oxygen,  which 

*  In  cleanniDg  plates  of  platinum,  I  have  constantly  followed  the  pro- 
cess indicated  by  Farady,  wnich  consists  in  heating  them  to  redness,  and 
mbbing  them  with  a  piece  of  potash  whilst  in  a  state  of  incandescence,  then 
plunging  them  in  boiling  salphnric  acid,  and  afterwards  washing  them  for 
a  long  time  in  distilled  water  firqnently  renewed. 
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had  disappeared^  and  which  had  been  employed  to  oxidize  the 
of  surface  the  plate. 

I  made  the  same  experiments,  making  nse  of  water  very  slightly 
acidulated  with  nitric  acid  for  my  liquid.  The  plate  of  platinum 
w&f  deansed  as  before,  with  much  care,  and  rolled  into  a  spiral ;  the 
platinum  wire  was  only  from  four  to  five  millimetres  in  length.  Hav- 
ing brought  the  negative  pole  into  connexion  with  the  wire  and  the 
positive  pole  with  the  plate,  1  obtained  eighty-seven  cubic  centimetres 
of  hydrogen  at  the  wire,  and  only  forty  of  oxygen  at  the  plate; 
there  wanted  then  three  and  a  half  cubic  centimeUvs  of  oxygen.  1 
left  the  apparatus  for  twenty^four  hours  without  any  change  taking 
place,  the  plate  and  the  wire  soaking  in  the  liquid.  I  now  brought 
the  +  pole  anew  into  connection  with  the  plate,  and  the  —  pole 
to  the  wire :  I  obtained  exactly  forty  cubic  ceutimetres  of  oxygen 
at  the  plate,  and  eighty  of  hydrogen  at  the  wire  ;.a  proof  that  the 
coat  of  oxide  formed  on  the  surface  of  the  platinum  the  day  pre- 
vious had  continued,  in  spite  of  the  contact  of  the  slightly  acidulated 
water.  But  having  put  the  —  pole  to  the  plate,  and  the  +  pole 
to  the  wire,  1  had  fifty  cubic  centimetres  of  hydrogen  at  the 
plate,  and  twenty-nine  of  oxygen  at  the  wire ;  there  was  therefore  want- 
ing eight  cubic  centimetres  of  hydrogen,  almost  the  equivalent 
of  oxygen,  which  had  rested  on  the  plate.  I  took  care,  in 
each  of  these  experiments,  to  change  that  part  of  the  liquid  which 
was  in  the  measure  (eprouvetie),  near  the  plate  and  the  wire,  in  or- 
der that  the  conditions  of  the  experiment  might  be  the  same  in  each 
case ;  nevertheless,  without  exposing  the  plate  and  the  wire  to  con- 
tact with  the  air. 

I  will  now  detail  some  experiments  with  water,  holding  in  solution 
one-tenth  of  sulphuric  acid  by  volume. 

With  a  very  feeble  pile  the  -|-  pole  was  connected  with  the  plate, 
and  the  —  pole  to  the  wire ;  I  obtained  twenty  measures  of  hydro- 
gen, and  only  six  of  oxygen;  there  was  wanting  then  four.  I  took 
a  very  powerful  pile,  the  -j-  pole  of  which  was  brought  into  contact 
with  the  wire,  and  the  —  pole  in  communication  with  the  plate. 
Five  measures  of  oxygen  and  six  of  hydrogen  were  now  obtained ; 
there  was  wanting  of  course  four  measures  of  hydrogen,  which  proves 
that  there  had  only  been  two  measures  of  oxygen  taken,  or  aahered 
to,  by  the  plate^  ill  the  portion  of  which  the  hydrogen  at  least  had 
produced  the  reduction.  The  poles  were  again  brought  into  the 
same  position,  and  there  was  eight  measures  of  oxygen  at  the  wire, 
and  sixteen  of  hydrogen  at  the  plate.  A  plate  of  platinum  which 
had  remained  exposed  to  the  air  was  then  taken,  and  being  brought 
to  the  —  pole,  whilst  the  +  pole  communicated  with  the  short  wire, 
we  only  obtained  five  measures  of  hydrogen  against  five  of  oxygen  ; 
there  then  wanted  five  measures  of  hydrogen,  which  had  been  em- 
ployed in  reducing  the  slightly  oxidized  surface  of  the  platinum. 

A  plate  well  cleansed  was  put  to  the  —  pole,  and  the  wire  was 
placed  at  the  +  pole :  there  was  an  almost  inappreciable  small 
quantity  of  hydrogen  deficient   The  poles  were  changed  :  there  was 
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at  first  ten  of  hydrogen,  and  three  of  oxygen  only :  after  a  second 
and  similar  operation,  there  was  twenty  of  hydrogen  and  nine  of 
oxygen,  in  all  thirty  of  hydroiren  and  twelve  of  oxygen ;  there  was  want- 
ing then  three  of  oxygen.  The  experiment  was  continued,  changing 
the  poles  from  time  to  time,  ana  there  was  wanting  in  all  cases 
some  measures  of  those  gases  which  were  disengaged  on  the  plate ; 
but  this  disappearance  no  longer  took  place  when  the  plate  had  already 
been  used  for  some  time  in  the  disengagement  of  the  same  gas. 

1  ouoht  to  remark,  that  when  I  alternately  applied  the  +  pole 
and  the  —  pole  on  the  plate,  the  quantity  of  oxygen  and  the  quan- 
tity of  hydrogen  which  disappeared  was  not  always  an  equivalent 
to  the  other.  I  attribute  these  differences,  on  one  part,  to  the  fact, 
that  the  liquid  dissolved  a  little  of  the  oxygen,  on  the  other  hnnd, 
to  the  circumstance,  that  the  current  is  not  uniformly  distributed  on 
all  the  points  of  a  plate,  especially  when  the  surface  is  great ;  and 
consequently  it  may  happen  that  all  the  points  of  the  plate  which 
have  been  covered  by  one  of  the  gases,  are  not  exactly  covered  again 
by  the  other.  Perhaps  also  a  part  of  the  oxide  formed  becomes  dis- 
solved in  the  acidulated  water,  which  explains  why  it  is  that  there  is 
always  proportionalljf  more  oxygen  than  hydrogen  disappearing. 
1  shall  give  farther  hints  on  another  cause  of  this  difference. 
•  I  have  repeated  the  same  experiments,  substituting  successively 
for  the  plate  of  platinum,  spongy  platinum  and  a  wire  of  platinum, 
the  surfaces  of  which  had  been  rendered  pulverulent  by  means  of  the 
alternate  oxidationsand  reductions  of  the  magneto-electrical  currents 
to  which  it  had  been  submitted.  With  the  spongy  platinum,  which  had 
been  soaking  several  days  in  the  acid,  and  had  been  purified^  and 
which  I  placed  at  the  negative  pole,  I  obtained  the  desired  proportions 
of  the  two  gases.  But  having  put  it  now  in  communication  with  the 
positive  pole,  I  had  only  three  measures  of  oxygen  against  ten  of 
hydrogen.  The  remaining  phenomena  which  were  exhibited  were 
the  same  as  with  the  plate  of  platinnm ;  though  the  morsel  of  sponge 
was  very  small,  the  very  great  number  of  points  of  contact  which  it 
presented  to  the  liquid,  from  the  fact  of  its  nature,  rendered  it  still 
more  sensible  than  the  plate  to  the  successive  absorptions  of  oxy- 
gen and  hydrogen  due  to  the  alternate  oxidations  and  reductions  of 
the  metal. 

The  wire,  the  surface  of  which  was  pulverulent,  was  about  twelve 
centimetres  long.  Having  been  put  in  contact  with  the  —  pole, 
immediately  after  the  operation  which  had  thus  modified  its  surface, 
an  operation  from  which  it  always  becomes  a  little  oxidized,as  I  shall 
show  farther  on,  it  only  gave  five  measures  of  hydrogen  against  five 
of  oxygen,  disengagec)  at  the  positive  pole,  which  communicated 
with  the  ordinary  platinum  wire  of  five  nnllimetres  in  length.  Hav- 
ing changed  the  position  of  the  poles,  after  this  first  operation,  there 
were  two  measures  of  oxygen  against  eight  of  hydrogen ;  there  still 
wanted  two  measures  of  oxygen ;  in  all  five,  between  the  two  experi- 
ments. Then,  from  thence  the  gases  were  disengaged  in  their  pro- 
per proportions.     Having  once  more  changed  the  poles,  I  had  only 
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twelve  of  hydrogen  at  the  long  wire,  against  ten  of  oxygen  at  the  short 
one ;  there  was  now  eight  measures  of  hydrogen  minus,  employed 
to  reduce  the  oxide  formed  by  the  oxygen,  which  had  been  wanting 
in  the  preceding  experiments.    Having  again  made  a  last  experiment 
without  changing  toe  poles,  I  obtained  exactly  ten  measures  of  hy- 
drogen from  the  long  wire  against  five  of  oxygen  at  the  shorter  one. 
Finally,  I  placed  in  the  same  eudiometre,  always  filled  with  acidu- 
lated water,  a  long  platinum  wire,  whose  surface  was  pulverulent, 
and  a  short  one,  wkose  surface  was  smooth.    I  brought  the  long 
wire  into  communication  with  the  +  pole,  and  the  short  one  with 
tJie  —  pole ;  then  when  the  ii^aseous  mixture  had  filled  the  moiety 
of  the  eudiometre,  I  exploded  it,  and  there  remained  an  excess  of 
hydrogen  equal  to  a  tenth  of  the  whole  volume.     Having  repeated 
the  same  experiment  three  or  four  times,  I  obtained  almost  con- 
stantly the  same  result ;  but  at  the  close,  the  metallic  powder  which 
covered  the  long  platinum  wire,  had  almost  totally  disappeared.    It 
IS  probable  that  the  part  of  this  very  fine  powder  which  became 
oxidized,  was  dissolved  in  part  in  the  acid,  and  thus  laid  bare  the 
new  particles,  which,  in  their  turn,  became  oxidized.    This  is  what 
explains  how  it  is  that  there  was  constantly  an  excess  of  hydrogen 
in  the  gaseous  mixture.    The  same  phenomenon  was  not  exhibited 
with  the  plate,  whose  surface,  which  was  not  pulverulent,  had  not  the 
power,  even  when  it  was  oxidized,  to  dissolve  in  the  acidulated 
water.    It  did  not  take  place,  either,  with  a  long  wire  with  a  bright 
surface  rolled  helically,  which  1  substituted  for  the  wire  with  the 

fulverulent  surface.  In  tlie  latter  case,  the  gaseous  mixture  which 
obtained  by  putting  the  helical  wire  in  communication  with  the  -|- 
pole  of  the  pile,  presented  an  excess  of  three  measures  of  hydrogen. 
By  changing  the  position  of  the  poles,  and  leaving  the  residual  hy- 
drogen in  the  euaiometer,  I  had  again  a  gaseous  mixture,  which  I 
detonated,  but  it  presented  scarcely  any  residue  ;  the  excess  of  hy- 
drogen proceeding  from  the  first  operation  even,  had  totally  disap* 
peared.  The  excess  was,  then,  due  to  this:  that  a  part  of  the 
oxygen  had  been  employed  in  oxidizing  the  surface  of  the  long 
platinum  wire,  when  that  wire  communicated  with  the  positive  pole ; 
it  disappeared  because  that,  in  making  this  same  wire  communicate 
with  the  negative  pole,  a  part  of  the  hydrogen  which  ought  to  have 
been  found  in  the  gaseous  mixture,  had  been  employed  to  deoxidize 
the  wire. 
The  result  of  the  preceding  experiments  appears  to  me  to  be: — 
1st.  That  platinum  perfectly  pure  and  cleansed  may  be  oxidized 
at  its  surface  under  the  action  of  the  nascent  oxygen. 

2nd.  That  this  oxide  is  not  dissolved  in  water  slightly  acidulated, 
when  the  surface  of  the  platinum  on  which  it  is  formed  is  not  pul- 
verulent.* 

*  If  the  acid  is  eonoentrated  or  boiling,  it  is  no  longer  the  same.  The 
plate  which  has  been  exposed  to  the  action  of  an  add  in  these  oonditions^ 
and  which  has  afterwards  been  washed  in  distiUed  water,  conducts  itself  as  a 
perfectly  vnoxidiaed  plate. 
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3rd.  That  this  oxide  is  very  easily  reducible  by  the  action  of 
hydrogen. 

There  may  perhaps  be  two  objections  raised  against  the  conclu- 
sions I  have  made :  the  first,  that  these  phenomena  which  I  have 
described  may  be  due  to  the  solution  of  the  gases  in  the  liquids ;  the 
second,  that  they  are  only  the  result  of  a  simple  adherence,  some- 
times of  oxygen,  sometimes  of  hydrogen,  at  the  surface  of  the 
platinum.  ' 

We  will  now  examine  successively  these  two  objections.  I 
ought  to  acknowledge  that  the  acidulated  water  may  dissolve 
a  part  of  the  gases  which  are  disengaged  at  each  of  the  poles  of  the 
pile,  and  more  particularly  a  little  oxygen  :  it  must  also  be  ad- 
mitted that  the  gas,  by  being  developed  on  a  large  surface,  facili- 
tates this  solution.  But  the  whole  of  the  phenomena  cannot  be  thus 
explained.  When  after  having  put  the  platinum  plate  in  contact 
with  the  positive  pole,  and  having  observed  the  disappearance  of 
a  certain  quantity  of  oxygen,  I  repeated  the  same  experiment,  after 
taking  great  care  to  completely  renew  that  part  of  the  liquid 
which  was  in  contact  with  the  poles,  1  found  that  the  oxygen  dis- 
engaged very  nearly  the  requisite  proportion.  If  the  absence  of  a 
part  of  the  oxygen  in  the  former  case  was  due  to  its  solution  in 
the  ambient  liquid,  how  is  it  that  this  solution  and  consequently 
this  same  absence  did  not  take  place  in  the  second  case  in  the  same 
manner  P  How  is  it  that  a  platinum  plate  put  to  the  —  pole,  after 
having  been  cleansed  and  washed,  gives  hydrogen  in  the  requisite 
proportion,  whilst  the  same  plate  aller  having  been  exposed  to  the 
action  of  oxygen,  causes  a  portion  of  the  hydrogen  which  is  disen- 
gaged at  its  surface,  to  disappear  in  the  same  liquid  ? 

The  following  observation,  which  is  very  easy,  shows  very  well 
that  it  is  impossible  to  attribute  these  phenomena  which  we  have 
just  described,  at  least  totally,  to  the  absorption  of  the  gases  by  the 
liquid.  When  we  take  a  plate  of  platinum  which  has  been  exposed 
for  some  time  to  the  air,  or  to  the  action  of  oxygen,  and  which  we 
plunge  into  a  liquid  conductor,  making  use  of  it  as  the  negative  pole 
of  a  pile,  the  current  from  which  traverses  this  liquid,  some  seconds, 
sometimes  up  to  twenty,  elapse,  before  the  hydrogen  makes  its  ap- 
pearance, whilst  the  oxygen  is  disengaged  immediately  on  a  similar 
plate  placed  at  the  positive  pole.  When,  on  the  contrary,  we  put 
the  poles  in  communication  with  two  plates  of  platinum  perfectly 
cleansed,  the  hydrogen  appears  on  the  negative  plate,  whilst  the 
oxygen  does  not  show  itself  until  some  seconds  later  on  the  positive 
plate.  It  is  then  evident  that  tlie  differences  in  the  precise  periods 
when  the  gases  become  visible  on  each  plate,  are  due  even  to  the 
state  of  the  surfaces  of  the  plates,  and  not  to  the  faculty  which  the 
liquid  has  for  dissolving  the  gas,  a  faculty  which  should  have  acted 
in  the  same  manner  iu  the  experiments  which  we  have  just 
reported. 

In  fine,  the  secondary  polar ites  which  the  platinum  plates  acquire, 
polarities  whose  true  natures  vary  according  as  the  plates  have  disen- 
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gaged  hydrogen  or  oxygen  at  their  sarface,  are  a  further  proof  that 
this  surface  has  been  modi6ed  by  these  gases,  and  that  it  has  been 
so  we  shall  see  instantly,  by  the  effect  due  to  an  oxidation  or  a 
reduction. 

Here  the  second  objection  presents  itself.  The  platinum  plates 
retain  some  oxygen  at  their  surface  it  is  said  :  but  this  gas 
is  only  adherent,  it  does  not  form  any  chemical  combination,  and 
it  is  the  same  with  the  hydrogen,  which  also  adheres  in  its  form  to 
the  surface  of  the  platinum.  These  phenomena  are  due  to  an  action 
purely  physical,  tnat  of  adhesion ;  and  it  is  added,  that  when  the 
plate  which  has  been  in  communication  with  the  positive  pole  is 
transported  to  the  negative  pole,  the  disappearance  of  a  part  of  the 
hydrogen  is  due  to  this :  that  in  its  nascent  state  it  is  combined 
with  the  oxygen  which  remains  adhering  to  this  plate. 

1  have  likewise  examined  with  care  this  part  of  the  question,  the 
more  so  as  the  opinion  which  I  have  just  developed  is  the  same  as 
that  adopted  by  M.  Matteucci,  and,  as  it  appears  to  me,  by  M. 
Schoenbein,  in  the  experiments  which  these  two  philosophers  have 
made,  each  on  his  own  part,  on  the  second  polarities. 

These  are,  now,  the  motives  which  have  led  me  to  believe  that  it 
is  not  a  simple  adhesion,  but  a  true  chemical  combination  between 
the  gases  and  the  surface  of  the  platinum : — 

1st.  When  the  surface  of  the  platinum  is  newly  cleansed  and 
scoured  with  care,  the  oxygen  alone  adheres,  and  not  the  hydrogen. 
If,  in  putting  a  plate  of  platinum  in  a  tube  (eprouvette)  full  of  hy- 
drogen, M.  Matteucci  saw  the  volume  of  the  gas  diminish,  it  was  be- 
cause this  plate  had  bad  its  surface  slightly  oxidized,  by  its  exposure 
to  the  air  or  the  direct  action  of  oxygen.  The  plate,  in  fact,  when 
it  has  been  deoxidized  and  washed,  takes  up  no  hydrogen,  whether 
it  is  placed  at  the  negative  pole  of  a  pile,  or  put  into  a  tube  filled 
with  hydrogen. 

2nd.  The  pulverulent  state  which  a  surface  of  platinum  takes, 
when  it  has  been  exposed  during  a  long  time  to  the  alternative 
action  of  oxygen  and  hydrogen,  is  a  proof  that  the  adhesion  of  the 
oxygen  has  been  a  tiue  chemical  combination,  and  that  of  the 
hydrogen  a  veritable  decomposition  of  the  oxide.  For  the  same 
thing  takes  place  with  platinum  exactly  as  with  other  metals, 
such  as  copper,  for  instaiiCe,  when  their  surface  undergoes  a 
succession  of  oxidations  and  reductions,  this  surface  becomes  pul- 
verulent. 

3rd.  It  is  impossible  to  perceive,  even  by  the  aid  of  a  powerful 
magnifier,  the  least  bubble  of  gaseous  oxygen  on  the  surface  of  the 
platinum  which  has  been  exposed  to  the  action  of  this  gas.  The 
fiiction  of  a  linen  cloth  will  no  longer  remove  this  oxygen;  it  re- 
quires, in  order  to  effect  its  disappearance,  either  a  mechanical 
action  which  will  renew  the  surface,  or  a  strong  and  boiling  acid 
which  will  dissolve  the  oxygen  formed.  This  is,  then,  another  proof 
that  it  is  a  true  chemical  combination :  it  is  true  that  it  is  only  super- 
ficial, and  if  we  esteem  this  circumstance  as  suflicient  to  render  the 
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pheoomeDon,  theo  the  question  is  no  more  flmi^Ji  question  of  words. 
But  it  is  not  thus,  it  seems  to  me,  that  it  can  be  understood:  a 
simple  physical  adhesion  implies  the  idea  that  the  adhering  bodies 
preserve  their  own  individual  properties.  Now,  it  is  not  so  in  this 
case,  since  the  oxygen  is  no  longer  gaseous,  and  the  surface  of  the 
platinum  finishes  by  becoming  reduced  into  a  powder  by  the  succes- 
sive action  of  the  gases :  thus  the  phenomenon  has  all  the  characters 
of  a  veritable  chemical  phenomenon. 

The  experiments  which  I  have  just  reported  were  made  in 
the  spring  and  summer  of  the  year  1838.  They  formed  the 
subject  of  a  memoir  which  I  read  to  the  Society  of  Physical  and 
Natural  History  of  Genoa,  the  4th  of  September  of  the  same  year; 
I  did  not  then  print  this  Memoir,  but  I  addressed  an  extract  of 
it  to  M.  Becquerel,  which  he  communicated  to  the  Academy  of 
Sciences  at  Paris,  and  it  was  published  in  the  Compte  Rendu  of  the 
Sittings  of  that  Academy,  December,  1838. 

I  have  repeated  frequently,  since  that  time,  the  experiments  I 
have  just  described,  and  they  have  constantly  given  me  th^  same 
results.  Still  more  recently  (the  28th  of  April,  1841),  I  obtained 
the  following  result,  with  a  pile  of  constant  force,  consisting 
of  ten  elements,  the  poles  of  which  communicated  with  a  plate  of  pla- 
tinum, formed  into  a  helix,  and  which  had  been  perfectly  cleansed, 
(decapeej  and  also  with  a  very  short  platinum  wire;  the  plate  and  wire 
were  immersed  in  sulphuric  acid  carefully  purified,  and  diluted 
with  nine  times  its  volume  of  distilled  water;  the  gases  disengaged 
from  each  of  the  poles  were  received  in  graduated  tubes.  At  the 
commencement,  the  —  pole  being  brought  into  communication 
with  the  plate,  the  gases  were  in  their  right  proportions.  The 
plate  was  now  brought  to  the  -f-  pole,  the  wire  to  the  —  pole ; 
there  were  twenty  centimetres  of  hydrogen  and  only  six  of  oxygen  in 
place  of  ten.  On  changing  the  poles  anew,  I  obtained  ten  centimetres 
of  oxygen  and  only  fifteen  of  nydrogen ;  there  ought  to  have  been 
wanting  eight  in  place  of  four  of  it,  to  represent  the  eouivalent  of 
oxygen  which  had  disappeared.  But,  as  I  have  already  said,  it  is 
very  rarely  that  there  disappears  in  these  experiments  a  quantity  of 
hydrogen  equivalent  to  that  of  oxygen.  1  will  return  to  this  case 
further  on,  in  indicating  one  of  the  cotirses  of  which  I  have  not  yet 
spoken,  which  may  contribute  to  occasioning  this  difference  between 
the  two  gases. 


SECTION   II. 

On  the  Influence  which  the  Oxidation  of  Platinum  exerts  on  the 
production  of  Electric  Currents,  by  Couples  composed  uniquefy 
of  Metals. 

I  am  the  first,  I  believe,  who  has  shown  that  when  two  platinum 
wires  have  served  to  decompose  water  by  the  effect  of  a  voltaic  cur- 
rent, these  two  wires  may  form  a  voltaic  pair  which  gives  birth  to  a 
current  from  the  wire  which  has  served  at  the  positive  pole ;  and  at 
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which,  conaequently,  osygen  has  been  disengaged,  is  the  negative 
element  of  the  pair;  the  wijre  used  at  the  negative  pole,  and  at 
the  place  where  the  hydrogen  was  disengaged,  is  the  positive 
element.  This  current  lasts  for  some  instants,  and  ceases  more 
or  less  quickly  according  to  the  nature  of  the  liquid  in  which 
the  two  wires  were  immersed  during  the  decomposition  of  water 
produced  by  the  current,  and  according  to  the  nature  of  the  liquid 
mto  which  they  are  afterwards  plunged  to  form  the  pair. 

I  have  attributed  this  phenomenon,  in  the  memoir  in  which  I 
have  described  and  studied  it,*  to  a  particular  electrical  state  into 
which  the  molecules  of  the  metallic  wires  were  constituted,  during 
the  time  tliat  they  transmitted  the  current,  and  I  have  supported 
my  hypothesis  on  the  fact  that  those  parts  of  the  pla- 
tinum wires  which  are  not  immersed  in  the  liquid  while  the  cur* 
rent  passed,  manifest,  though  in  a  less  degree,  the  same  pro- 
perties as  those  corresponding  portions  of  the  wires  on  which 
were  deposited  the  elements  of  tne  liquid  decomposed.  M.  Bec- 
querel,  at  a  later  period,  has  shown  that  this  explanation  was  not  the 
true  one,  and  that  the  effect  observed  was  due  to  an  excessively  thin 
deposit  of  the  elements  of  the  substances  decomposed  by  the  cur- 
rent, which  deposit  takes  place  on  the  surface  of  the  platinum  wires. 
When  the  current  ceases  passing,  the  action  of  the  liquid  on  this 
deposit  determines  the  current  called  secondary,  in  which  the  pla- 
tinum wires  play  the  part,  the  one  of  a  positive  element,  and  the 
other  that  of  a  negative  element.  Subsequent  experiments,  how- 
ever, have  proved  to  me  that,  even  as  I  have  already  advanced,  the 
wires  and  plates  of  platinum  which  have  not  received  this  deposit  on 
their  surface,  may  give  rise  to  a  secondary  current,  much  more 
feeble,  it  is  true,  but  still  perceptible.  I  will  only  add  that  the  most 
profound  study  that  I  have  made  of  these  phenomena,  have  led  me 
to  believe  that  they  are  entirely  due  to  a  chemical  effect  of  the  liquid 
on  the  surface  of  the  platinum,  not  only  in  the  case  where  there  is  a 
deposit,  as  M.  Becquerel  has  indicated,  but  also  in  the  case  where 
the  deposit  has  not  taken  place. 

MM .  Matteucci,  Peltier,  and  Schoenbein,  who  have  been  occupied 
in  examining  this  subject,  have  shown  that  the  plates  of  platinum 
and  of  gold  are  capable  of  developing  a  secondary  current,  by  the 
single  fact  of  their  having  servea  in  the  decomposition  of  water 
slightly  acidulated,  and  even  of  water  perfectly  pure,  without  the 
products*  of  the  decomposition  having  been  any  other  than  oxygen 
on  one  of  the  plates,  and  hydrogen  on  the  other.  M.  Matteucci  at- 
tributes this  pnenomenon  to  the  adherence  of  the  oxygen  and  hy- 
drogen on  each  of  the  plates  where  these  gases  are  disengaged.  He 
proves  this  adherence  oy  introducing  the  plate  to  which  oxygen  is 
conveyed  into  a  graduated  measure  filled  with  hydrogen,  and  that 
on  which  hydrogen  has  been  disengaged  into  a  graduated  measure 

■ 

*  Mem.  de  la  Soc,  Phys.  et  (THiti.  Nai.  de  Geneve^  t  iii  (9  partie),  et  Ann. 
de  CA,etde  Phfft.^  t.  xxxvi,  p.  34. 
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filled  with  ozygeD,  and  by  proving  that  the  volume  of  the  gases  is 
diminished  a  little  in  each  measure,  he  has  succeeded  in  pro- 
ducing the  same  secondary  polarities,  by  placing  for  some  moments 
the  plates  of  platinum,  the  one  in  an  atmosphere  of  oxygen,  the 
other  in  an  atmosphere  of  hydrogen,  before  plunging  them  into  the 
liquid  conductor,  which  ought  to  form  the  circuit,  in  place  of  patting 
them  to  the  positive  and  negative  poles  of  the  pile.* 

In  M.  Peltier'st  estimation,  the  effect  is  due  to  the  gases  which 
remain  dissolved  in  the  water ;  and  he  has  succeeded  in  producing 
a  secondary  current,  by  causing  the  hydrogen  to  pass  directly  into 
the  water,  and  by  putting  on  oneof  the  extremities  of  the  platinum  a 
galvanometer  into  this  hydrogenated  water,  and  the  other  extremity 
likewise  of  platinum  in  ordinary  water,  in  contact  with  the  former. 

Lastly,  M.  Schoenbeio}  has  made  a  great  number  of  experiments 
by  immersing  platinum  wires,  or  gold  and  silver  ones,  in  different 
gases,  and  determining  the  polarities  which  these  wires  acquired  or 
lost  by  the  action  of  these  gases;  he  likewise  employed  different 
liquid  conductors  to  complete  the  circuit  of  the  pair  formed  by  the 
metallic  wires,  and  has  studied  the  influence  of  these  liquids.  He 
appears  to  attribute  all  the  effects  which  he  obtained  to  chemical 
action,  without  well  explaining  these  actions,  for  he  adds :  /  dare 
not  yet  $ay  that  these  secondary  currents  are  entirely  due  to  an 
ordinary  chemical  action. 

T|)e  conclusions  at  which  I  have  arrived  at  the  close  of  the  re- 
searches contained  in  the  paragraph  preceding,  have  made  me 
presume  that  it  is  possible  that  the  oxidation  and  deoxidation  of 
platinum  may  perform  an  important  part  in  the  production  of 
secondary  currents.  The  experiments  of  the  philosophers  above 
named  agree  with  the  explanation,  and  I  have  sought  to  verify  it 
by  studying  with  care  the  phenomenon  in  question.  1  felt  asssured 
from  the  first  that  wires  and  plates  of  platinum  which  have  served  in 
the  decomposition  of  water  slightly  acidulated,  give  birth  to  a 
secondary  current  extremely  strong,  and  stronger  in  proportion  as 
the  surfaces  are  greater.  The  most  decided  intensity  was  obtained 
by  making  use  of  a  piece  of  spongy  platinum.  A  wire  whose 
surface  had  been  rendered  pulverulent  by  magneto-electric  currents, 
also  gives  a  secondary  current  much  more  intense  than  a  wire  whose 
surface  is  united,  probably  because  it  presents,  like  the  sponge,  a 
much  greater  number  of  points  of  contact  with  the  ambient  medium. 

This,  in  my  opinion,  is  the  cause  of  the  phenomenon :  the 
platinum  which  has  been  exposed  to  the  action  of  hydrogen  being 
perfectly  cleansed,  is  attacked  slightly  by  the  acidulated  water,  and 
even  by  the  air  dissolved  in  the  water  when  it  is  plunged  in  pure 
water;  it  then  gives  birth  to  a  current  when  we  form  a  pair  with  it, 
and  another  morsel  of  platinum  whose  surface  has  been  oxidized^ 

•  Bill.  Vniv,.  t.  xvii  (October,  1838),  p.  378. 
t  BibL  (Jniv,,  t.  xviii  (November,  1838),  p.  186. 
J  Bi6/.  Vnh.,  t.  xviii  (November,  183H),  p.  187. 
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whedier  by  its  exposure  to  the  air,  or  what  is  still  better,  because  of 
its  having  been  iu  commuDication  with  the  positive  pole ;  in  the 
second  case,  the  current  is  stronger  than  in  the  former  one. 
This  current  is  stronger  and  of  longer  duration  with  a  plate 
that  has  a  large  surface,  with  spungy  platinum,  or  with  a  wire 
whose  surface  is  pulverulent.  In  these  cases  the  chemical 
action  takes  place  on  a  greater  number  of  points,  and  as  it  should 
not  cease  until  the  surface  is  oxidized,  it  thus  necessarily  ceases 
more  tardily.  It  is  probable  also  that  the  divided  state  of  the 
platinum  permits  a  slight  dissolution  of  the  oxide,  and  thus  con- 
stantly presents  to  the  chemical  action  a  portion  of  surface  un- 
oxidized.  The  explanation  I  have  just  given  is  a  consequence  of 
the  oxidation  of  which  I  have  shown  that  platinum  is  susceptible  : 
let  us  now  see  if  it  is  in  accordance  with  facts. 

I  soaked  for  a  long  time  in  concentrated  nitric  acid,  wires, 
plates,  and  spongy  platinum,  after  having  well  cleansed  them; 
I  then  washed  them  carefully  in  distilled  water,  which  I  renewed 
several  times,  in  order  that  there  should  be  no  trace  of  acid  left ;  I 
always  took  care  that  the  surfaces  of  the  metals  were  not  in  contact 
with  the  air.  I  fixed  to  the  extremities  of  a  galvanometer  first  a  wire 
and  a  plate :  the  plate  was  positive  in  relation  to  the  wire ;  afterwards 
a  wire  and  a  plate  on  one  side,  and  spongy  platinum  on  the  other : 
the  sponge  was  constantly  positive  in  relation  to  the  plate  and  the 
wire;  it  was  the  same  with  a  wire  whose  surface  was  pulverulent, 
but  this  wire  was  negative  with  regard  to  the  sponge.  The  liquid 
in  which  the  metals  were  immersed  was  water,  slightly  acidulated 
with  nitric  acid,  or  sulphuric  acid,  both  perfectly  pure.  These  ex- 
periments seem  to  indicate  perfectly  a  chemical  action  on  the 
cleansed  surfaces  of  platinum,  which  gives  birth  to  a  current  in 
which  the  greatest  surface,  which  is  that  on  which  the  most  exten- 
sive chemical  action  takes  place,  is  positive  in  relation  to  the  other, 
as  that  passes  for  the  oxidable  metals. 

I  afterwards  took  two  platinum  plates,  which,  after  having  been 
cleansed  and  washed  with  the  greatest  care,  were  left  immersed  in 
distilled  water ;  I  then  dried  it  in  the  air,  and  the  other  under  a  bell 
receiver,  which  I  exhausted  of  air  as  quickly  as  possible,  and  in 
which  1  had  placed  a  capsule  filled  with  concentrated  sulphuric  acid, 
in  order  to  hasten  the  dessication.  The  plate  that  had  been  dried 
in  vacuo  was  constantly  positive  to  that  which  had  been  dried  in  the 
air,  when^they  were  both  immersed  in  nitric  or  sulphuric  acid  diluted 
with  water ;  a  proof  that  the  latter  had  been  oxidized  at  the  surface, 
and  not  tlie  former,  or  that  at  least  this  one  had  been  oxidized  in 
the  least  degree  of  the  two. 

I  also  dried  a  plate  of  platinum  which  had  been  cleansed  in  hy- 
drogen :  it  was  positive,  like  that  which  had  been  dried  in  vacuo, 
but  more  strongly  so ;  which  is  not  astonishing,  seeing  that  all  trace 
of  oxidation  should  disappear  in  this  case  on  the  surface  of  the  pla- 
tinum by  the  e£fect  of  the  hydrogen. 

By  immersing  two  other  plates  in  concentrated  nitric  acid,  I  found 
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the  reverfte :  that  is  to  say,  that  the  one  that  had  been  dfied  in  vacuo, 
or  in  hydrogen,  was  negative  with  regard  to  tliat  which  had  been 
dried  in  the  air.  1  therefore  conclude  that  in  this  case,  the  plate 
oxidized  by  its  exposition  to  the  air,  was  attacked  by  nitric  acid, 
which  combined  with  the  oxide  of  platinum  by  dissolving  it,  whilst 
that  the  other  plate,  none  or  very  little  oxidized,  was  not  affected  or 
very  tittle  so,  by  the  acid;  the  direction  of  the  current  was  perfectly 
in  agreement  with  this  explanation. 

In  order  to  assure  myself  of  its  correctness,  I  made  the  following 
experiments ;  I  left  soaking  during  some  months,  a  piece  of  spongy 
platinum  in  very  pure  concentrated  nitric  acid;  I  then  put  it  in  ni- 
tric acid  very  much  diluted,  and  left  it  in  a  capsule  exposed  to  the 
air,  but  covered  with  paper,  in  order  to  preserve  the  surface  of  the 
platinum  from  the  dust.  A  large  platinum  capsule  proper  for  the  pur- 
pose, the  interior  of  which,  however,  had  been  for  a  long  time  in  con- 
tact with  the  air,  was  put  in  communication  with  the  extremity  of  a 
galvanometer ;  it  was  filled  with  nitric  acid,  pure  and  concentrated ; 
I  then  immersed  in  the  acid,  after  having  put  it  in  communication 
with  the  other  extremity  of  the  galvanometer,  by  means  of  a  plati- 
num wire,  at  first  a  morsel  of  sponge  which  had  been  well  deoxidized 
by  its  long  continuance  in  nitric  acid,  then  a  morsel  of  sponge  which, 
after  having  been  deoxidized,  had  been  left  immersed  in  water,  or  ex- 
posed to  the  air ;  the  first  morsel  was  negative,  the  other  two  strongly 
positive,  particularly  that  which  had  been  exposed  to  the  air. 

There  was  then  put  into  the  capsule  nitric  acid  very  much  di- 
luted in  place  of  the  concentrated  acid;  the  results  were  precisely 
inverse.  This  difference  is  explained  very  well  if  we  remark  that 
the  action  of  nitric  acid,  pure  and  concentrated,  does  not  take  place 
on  platinum  not  oxidized,  but  very  well  on  a  surface  of  platinum 
covered  by  a  slight  coating  of  oxide,  whilst  that  it  is  the  contrary 
takes  place  when  the  acid  is  very  much  diluted. 

In  order  that  these  actions  should  produce  even  small  deviations 
of  the  needle  of  the  galvanometer,  it  is  necessary  to  have  large  sur- 
faces of  platinum ;  this  is  the  reason  why  the  deviations  are  so  sen- 
sible with  the  spongy  platinum ;  it  was  also  for  this  end  that  I  em- 
ployed a  large  capsule  of  platinum.  I  have  even  tried  the  effect 
by  putting  to  one  of  the  extremities  of  the  galvanometer  a  platinum 
wire  immersed  two' or  three  centimeters  only  in  the  liquia,  and  to 
the  other  end  spongy  oxidized  platinum :  I  had  a  current  of  from 
6^  to  6^  only.  Replacing  the  wire  by  a  morsel  of  the  sponge  not 
oxidized,  or  by  a  very  extensive  surface  of  platinum,  I  had  a  cur- 
rent which  made  the  needle  deviate  more  than  90^. 

It  is  evident  that  in  all  these  phenomena  it  is  a  chemical  action 
which  is  due  to  electricity  that  is  there  developed,  and  that  the 
oxidation  of  the  platinum  has  a  great  part  in  it.  Still,  what  is  this 
action  ?  This  is  a  point  which  appears  to  me  to  merit  a  further 
examination.  It  is  not  impossible  that  it  consists,  at  least  in  the 
case  of  nitric  acid,  in  a  decomposition  of  that  acid  produced  by  the 
oxygen  of  the  oxidized  surface  of  the  platinum,  as  that  takes  place 
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with  the  peroxides,  and  remarkably  so  with  those  of  lead  and  man- 
ganese. *  I  shall  return  to  this  point,  when  studying  at  the  same 
time  the  circumstances  that  take  place  with  the  other  metals,  such 
as  gold  or  palladium,  which  have  analogous  properties  to  those  of 
platinum. 

SECTION  III. 

Of  tome  other  Phenomena  which  may  he  attributed  to  the 

Oxuiation  of  Platinum. 

One  phenomenon  that  proves  the  facility  with  which  platinum  is 
oxidized,  is  the  state  into  which  a  platinum  wire  constitutes  itself 
after  having  been  employed  for  some  time  for  au  aphlogistic  lamp. 
We  take  a  platinum  wire,  formed  into  a  helix,  of  about  a  demi- 
millimeter  in  diameter ;  it  is  cleansed  carefully  by  putting  it  into 
nitric  acid,  and  then  washing  it  several  times  in  distilled  water ;  it 
is  then  dried  and  placed  on  a  spirit  lamp.  The  lamp  is  then  lighted 
in  such  a  manner  that  the  wire  becomes  red  hot,  the  flame  is  then 
extinguished,  and  the  wire  remains  incandescent  by  the  effect  of  the 
vapour  of  the  lamp.  If  we  continue  the  phenomenon  during 
twenty-four,  or  still  better  forty-eight  hours,  the  wire,  which 
was  perfectly  bright  before  the  experiment,  presents,  ailer 
it  has  ceased,  a  greyish  pulverulent  surface  perfectly  similar  to 
the  surface  of  wires  that  have  been  used  for  the  alternate  disen- 
gagement of  oxygen  and  hydrogen.  This  effect  can  only  be 
due  to  the  alternative  oxidations  and  reductions  which  the 
wire  has  undergone  by  the  action  of  the  oxygen  of  the  air  and  the 
vapour  of  the  alcohol.  This  is  a  phenomenon  altogether  similar  to 
that  presented  by  copper  wires  exposed  to  the  action  of  a  spirit 
lamp,  which,  by  the  alternate  oxidations  and  reductions  they  are 
submitted  to,  soon  become  reduced  to  powder.  I  have  repeated  this 
experiment  several  times,  and  1  took  care  to  employ  perfectly  pure 
alcohol,  and  threads  of  amianthus  instead  of  a  wick  of  cotton ;  I 
always  succeeded  very  well.  The  wires  whose  surfaces  have  thus 
become  pulverulent,  are  afterwards  much  superior  to  others  for  the 
aphlogistic  lamp ;  they  become  red  hot  on  a  much  larger  extent  of 
surface,  and  with  much  greater  facility;  a  new  proof  that  the  phe- 
nomenon of  the  aphlogistic  lamp  is  in  a  great  measure  dne  to  a  suc- 
cession of  alternative  oxidations  and  reductions  which  facilitate  the 
disaggregation  of  the  metal. 

I  have  likewise  rendered  pulverulent  the  surface  of  a  platinum 
wire  well  cleansed,  by  making  use  of  it  to  inflame  hydrogen  in  the 
air,  instead  of  a  piece  of  spongy  platinum.  The  wire,  after  having 
been  several  times  removed,  and  during  from  ten  to  fifteen  minutes 
each  time  rendered  incandescent  by  hydro9j>en,  has  taken  a  greyish 
surface,  slightly  pulverulent.  This  experiment  succeeds  still  better 
by  raising  the  temperature  of  the  platinum  helix  by  means  of  a  vol- 
taic current,  which  heats  it  without  making  it  red.  A  current  of  hy- 
drogen mixed  with  atmospheric  air,  by  means  of  a  double-mouthed 
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stop-cock,  is  then  directed  od  the  helix,  and  at  the  end  of  a  certain 
time  the  surface  of  the  platinam  has  taken  the  grey  appearance 
already  described. 

Will  not  the  preceding  experiments  prove  that  the  phenomena 
observed  by  Dcebereiner  are  due  to  a  succession  of  alternate  oxida- 
tions and  reductions?  The  surface  of  platinum  oxidized  in  the  air 
will  be  immediately  reduced  by  the  hyarogen,  then  oxidized  anew, 
again  reduced,  and  so  on.  These  alternations  succeed  each  other 
very  rapidly  :  the  result  is  an  elevation  of  temperature  that  renders 
the  platinum  incandescent,  and  ends  by  inflaming  the  hydrogen. 
What  seems  to  support  this  explanation  is,  that  the  circumstances 
that  favour  the  greatest  oxidation  of  platinum  are  those  also  which 
are  exacted  for  the  success  of  the  experiment  of  Doebereiner.  Thus, 
for  example,  Dalony  and  Thenard  have  remarked  that  the  platinum, 
in  order  to  become  incandescent  under  a  current  of  hydrogen  in  the 
air,  ought  to  be  perfectly  pure,  and  that  it  is  useful,  for  this  end, 
to  wash  it  in  nitric  acid ;  the  extent  of  surface,  its  state  of  division, 
also  favour  the  production  of  the  phenomenon.  Let  us  carefully 
read  all  the  works  that  have  been  written  on  this  subject,  and  parti- 
cularly tliose  of  Faraday,  and  we  shall  find  that  the  most  favourable 
conditions  for  determining  intermedially  by  platinum  the  combina' 
tions  of  oxygen  and  hydrogen,  are  those  also  which  are  the  most 
proper  for  facilitating  the  oxidation  of  this  metal. 

The  explanation  1  have  just  given  may  be  objected  to :  Ist,  That 
there  are  cases  where  the  action  of  certain  substances  determine  the 
combination  of  oxygen  and  hydrogen,  without  admitting  a  succession 
of  alternate  oxidations  and  reductions ;  2ndly,  That  platinum  in  ita 
spongy  state  itself  determines  certain  combinations,  which  cannot  be 
accounted  for  in  the  same  manner  as  I  have  just  explained  in  the 
combinations  of  oxygen  and  hydrogen.  We  ought  therefore  to 
conclude,  if  these  objections  are  well  founded,  that  it  is  necessary  to 
acknowledge  in  the  experiments  of  Doebereiner,  the  action  of  a  new 
force  which  Berzelius  bad  named  the  catalytique  force. 

As  to  the  first  objection,  I  observe  that  the  cases  in  which  there 
is  a  combination  of  oxygen  and  hydrogen,  by  the  intermedial  effect 
of  certain  substances  for  which  it  is  impossible  to  admit  a  series  of 
oxidations  and  reductions,  are  those  in  which  we  make  use  of  a 
very  high  temperature,  and  of  bodies  that  are  non-conductors  of 
electricity.  These  are  fragments  of  glass  or  porcelain,  which  are 
'  heated  very  strongly  over  mercury,  and  in  which  we  thus  develope 
an  electrical  slate  Uiat  ought  probably  to  bring  about  the  combina- 
tions of  the  gases  by  the  small  discharges  which  result  from  it.  In 
fact,  if  the  experiment  be  made  in  darkness,  we  see  faint  glimmeringK, 
analogfous  to  those  observed  in  agitating  mercury  in  a  capsule  of 
porcelain  heated  to  a  high  temperature.  All  the  cases  of  this  class 
cited  by  Dalony  and  Thenard  in  their  memoir,  appear  to  me  to  be 
explicable  in  this  manner.  Thus  they  have  not  any  relation  in  their 
immediate  cause  with  the  phenomenon  discovered  by  Doebereiner. 
The  second  objection  is  stronger.    M.  Kuhlmann  has  described 
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a  series  of  chemical  combinations  produced  through  the  interme- 
diation of  platinum,  which  seem  to  conform  with  difficulty  to  the 
explanation  that  1  have  given  of  the  combination  of  hydrogen  and 
oxygen.  However,  if  we  study  with  care  all  the  facts  observed  by 
M.  Kublmann,  we  may,  I  believe,  explain  them  hy  the  ordinary 
chemical  actions,  without  the  necessity  of  having  recourse  to  a  new 
and  special  force.  We  must  not  lose  sight  of  the  fact,  that  if  pla- 
tirtum  can  become  oxidized,  as  I  think  I  have  demonstrated,  there 
results  from  it  two  important  consequences  in  the  phenomena 
wherein  platinum  is  brought  into  contact  with  different  substances. 
The  first  is  this,  that  when  platinum  takes  oxygen  to  a  compound 
that  contains  it,  the  other  element  being  in  a  nascent  state,  it  finds 
itself  by  that  more  disposed  to  combine  with  a  third  substance 
which  is  present  The  second  consequence  is,  that  the  oxyeen 
condensed  on  the  surface  of  the  platinum  which  is  ready  to  abandon 
it,  finds  itself  by  the  simple  fact  of  its  condensation  in  a  slate  far 
more  proper  to  form  a  combination  than  when  it  is  in  the  gaseous 
form.  If  we  follow  these  two  consequences  in  their  applications,  the 
phenomena  observed  by  M.  Kuhlmann  may,  with  only  a  few 
exceptions,  be  easily  explained.  There  is  only  those  in  which  the 
oxygen,  not  intervening  in  an  apparent  manner,  neither  in  a  free 
state,  nor  in  a  state  of  combination,  which  present  some  difficulties 
in  their  explanation.  But,  in  these  cases,  it  will  be  possible  that 
the  atmospheric  air,  and  consequently  the  oxygen  it  contains,  performs 
a  part  of  which  there  can  be  no  doubt ;  it  is  possible  also  that  the 
platinum  may  combine  witli  the  carbon,  with  sulphur,  or  with  cyan- 
ogen, in  the  same  manner  and  with  the  same  facility  that  it  com- 
bines with  oxygen.  I  will  not  dwell  any  longer  upon  this  particular 
point,  which  merits  being  treated  in  a  special  manner,  and  with  the 
help  of  experiment.  1  shall  confine  myself  to  resuming  my  idea,  in 
saying  that  the  superficial  chemical  action^,  of  which  me  surface  of 
platinum  is  susceptible,  appear  sufficient  to  account  in  a  satisfactory 
manner  for  the  pnenomena  of  combinations  which  the  presence  of 
this  metal  determines,  and  which  are  generally  attributed  to  the 
force  named  catalytique, 

I  will  not  terminate  this  paragraph  without  speaking  of  a  pheno- 
menon that  appears  to  me  likewise  to  be  attached  to  the  oxidation  of 
platinum  and  to  depend  upon  it.  I  allude  to  the  peculiar  odour 
remarked  in  the  oxygen  gas  which  is  disengaged  at  the  positive 
pole,  when  we  decompose  water  by  the  pile,  and  when  we  make  use 
of  this  liquid  by  putting  it  in  the  circuit  of  wires  of  gold  or  platinum. 
There  is  no  one  who  having  ollen  operated  with  the  pile,  who  has 
not  been  struck  with  this  odour ;  as  for  myself  I  have  often  observed 
it:  but  M.  Schoenbein  is  the  first  who  has  studied  it  with  any  par- 
ticular care,  and  who  has  made  it  the  object  of  very  interesting 
researches.* 

M.  Schoenbein  has  been  struck  with  the  analogy  that  exists  be- 

Bibl,  Univ.  nouoelie  skrte,  t.  zsviii,  p.  34S  (Aoiit.  1840). 
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tween  this  odour  and  that  which  is  left  after  the  discharge  of  ordi- 
nary electrical  machines,  and  the  fall  of  the  electrical  fluid  from  the 
atmosphere.  He  thinks  ii  ought  to  be  attributed  to  a  particular 
substance  extremely  subtle,  of  the  same  kind  as  chlifrine  or  fluor, 
and  which,  like  them,  would  have  a  great  affinity  for  oxidable 
bodies,  and  which  being  spread  in  the  air  and  in  the  water  in  a  state 
of  combination,  would  be  separated  from  bodies  with  which  it  is 
combined  by  the  decomposing  force  of  electricity.  He  proposes  to 
name  this  new  sabstance  ozone, 

I  must  avow,  that  in  repeating  carefully  the  ingenious  experi< 
ments  of  M.  Schoeobein,  to  which  I  added  some  others,  I  arrived  at 
a  different  conclusion  to  his.  I  shall  not  insist  on  the  different  ob- 
jections which  his  hypothesis  appeared  to  present  to  me.  I  shall 
confine  myself  to  pointing  out  two  of  them.  The  first  is,  that  I  do 
not  clearly  see  with  what  substance  the  ozone  is  found  combined  in 
the  air  and  in  the  water  whence  electricity  disengages  it.  Is  it  with 
hydrogen  ?  But  in  that  case,  there  ought  then  to  be  an  excess  of 
hydrogen  in  the  decomposition  of  the  water,  and  we  ought  to  find 
hydrogen  in  the  air,  which  also  contains  ozone.  The  second  objec- 
tion is,  that  M.  Schoenbein  admits  that  instantaneous  electric  dis- 
charges, such  as  from  a  Leyden  jar  or  from  a  thunder  cloud,  have  a 
decomposing  virtue.  Now,  I  do  not  believe  that  it  is  thus,  and  I 
think  that  in  order  to  separate  oxygen  and  hydrogen,  and  conse* 
queutly  ozone,  a  continuous  electric  current  is  necessary.  1  will 
add,  in  fine,  that  inasmuch  as  azone  has  not  been  isolated,  it  will  be 
difficult  to  admit  its  existence,  at  least  to  be  able  to  invoke  in  its 
favour  proofs  so  conclusive  as  those  that  exist  for  the  existence  of 
fluor. 

In  repeating  the  experiments  of  M.  Schoenbein,  I  have  been  con- 
vinced, as  he  was,  that  it  is  not  necesary  to  seek  for  the  cause  of 
this  sulphurous  or  phosphorous  odour  in  strange  substances  mixed 
with  the  water  that  we  decompose,  such  as  the  acids.  But  I  am 
still  at  a  stand  on  the  idea  that  I  had  before  the  publication  of  the 
work  of  M.  Schoenbein,  namely,  that  this  odour  proceeds  from  the 
metal  which  is  used  at  the  pole  of  the  pile  in  the  liquid. 

I  at  first  proved,  with  a  very  strong  pile,  the  fact  of  the  trans- 
portation of  very  finely  divided  metallic  particles  from  the  +  pole 
to  the  —  pole  in  the  air,  as  a  vacuum,  in  making  use  as  poles  of  two 
morsels  of  spongy  platinum  very  near  together,  but  not  in  contact, 
in  place  of  two  charcoal  points.  1  have  even  obtained  some  traces 
of  the  odour  in  this  experiment.  1  have  remarked,  that  when  we 
decompose  water  pretty  well  acidulated,  with  a  very  strong  current, 
by  means  of  two  wires,  or  two  plates  of  platinum  which  have  not  a 
very  great  surface,  we  see  at  the  end  of  a  certain  time,  and  when  the 
liquid  traversed  by  the  current  is  strongly  heated,  a  deposit  of  a 
black  powder,  which  is  platinum  divided ;  the  platinum  appears  to 
be  detached  from  the  wire  and  the  plate  which  is  used  at  the  posi- 
tive pole.  I  am  disposed  to  believe  then,  that  the  current  which 
cofues  from  the  positive  pole,  draws  with  it  extremely  attenuated  par- 
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tides  of  the  metal  of  which  the  pole  is  made,  which  thus  remain  in 
saspensioii  in  this  gas,  to  which  they  give  by  their  presence  the 
odour  in  question.  This  odour  will  then  be  due  to  very  finely 
divided  molecules  of  a  metallic  oxide** 

The  presence  of  oxidable  bodies  ought,  as  M.  Schoenbein  has  ob- 
served, to  make  this  odour  disappear,  because  the  immediate  result 
from  it  is  the  oxidation  of  the  platinum.  The  elevation  of  the 
temperature  of  the  liquid  will  likewise  produce  the  same  effect, 
because  it  reduces  the  oxide.  It  is  really  a  remarkable  thing,  that 
when  the  current  is  very  energetic,  and  it  has  traversed  the  liquid 
long  enough  to  heat  it  considerably,  there  is  no  longer  any  trace  of 
the  odour. 

All  these  results,  proved  by  experiment,  agree  very  well  with  my 
hypothesis ;  but  there  is  one  fact  which  appears  to  me  to  be  eminently 
favourable  to  it  If  we  make  use,  for  the  decomposition  of  water 
slightly  acidulated,  containing  for  example  -^  in  volume  of  sulphuric 
acid,  of  a  pile  of  constant  force  of  ten  elements,  feebly  charged^  we 
have  no  trace  of  the  odour,  by  taking  for  the  poles  two  plates  or  two 
long  wires  of  platinum.  But  if,  without  changing  the  plate  or  the 
wire,  we  diminish  the  surface  of  the  wire  which  forms  the  positive  pole, 
very  muih,  either  by  covering  it  with  wax,  and  thereby  not  leaving 
it  in  immediate  contact  with  the  liquid,  only  at  some  points,  or 
by  enclosing  the  platinum  in  a  glass  tube,  in  such  a  manner 
that  its  extremity  alone  is  in  contact  with  the  liquid,  we  then 
obtain,  though  the  current  be  rather  feeble,  since  it  does  not 
pass  the  liquid  with  such  facility,  an  excessively  strong  odour. 
Farther,  we  find  when  the  decomposition  has  lasted  some  time,  those 
parts  of  the  platinum  by  which  the  current  could  escape,  slightly 
corroded.  Thus  it  is  when  the  current,  being  restrained  in  its 
passage  from  the  positive  pole  in  the  liquid,  becomes  thereby  con- 
densed on  some  points,  and  in  making  its  escape  it  draws  along 
these  metallic  particles,  which,  when  oxidized,  give  out  the  odour  in 
question.  With  a  very  strong  pile  the  odour  will  be  manifested  in 
general  more  easily,  because  the  current,  being  considerable,  will 
meet  with  resistance  in  passing  through  the  same  conductor  which 
ofifurs  no  restraint  to  a  current  of  less  intensity ;  but  when  even  the 
current  is  feeble  it  will  produce  the  odour,  provided  that  its  trans- 
mission is  restrained. 

As  to  the  odour  which  acfbmpanies  electric  discharges,  and 
the  fall  of  the  thunderbolt,  it  is  still  more  easy  to  prove  that  it  is 
due  to  very  finely  divided  substances,  which  the  electricity  has 
transported  with  it  The  fact  of  this  transport  has  been  proved 
by  the  numerous  experiments  of  Priestley,  who  has  shown  that 
the  spark   taken   from  the  conductor  of  a  machine  is  charged 


*  These  oxidized  metallic  particles  which  are  detached  from  the  platinnm 
wire,  explain  how  it  is,  as  we  have  before  seen,  that  the  proportiou  of  oxygen 
which  disappears  in  the  decumposition  of  water,  is  always  greater  than  that 
of  hydrogen,  especially  if  the  carrent  is  strong. 
k2 
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with  metallic  molecules  emaoating  from  the  conductor,  and  which 
go  in  the  direction  of  the  positive  electricity.  Fusioiere  has  like- 
wise shown  the  existence  of  this  transport  by  the  thunderbolt.  The 
aura,  which  positive  electricity  produces  when  it  proceeds  from  a  con- 
ductor, is  probably  only  due  to  the  combustion  of  the  extremely  fine 
particles  which  tlus  electricity  bears  away  with  it  Now,  it  is  in  these 
finely  divided  and  oxidized  molecules  that  the  origiu  is  lonnd  of  the 
odour  that  accompanies  these  discharges,  especially  when  they  are 
intense,  and  when  they  have  been  continued  for  a  long  time.  All  the 
experiments  cited  by  M.  Schoenbein  come  to  the  support  of  this 
explanation.  The  fact  that  the  water  arrests  the  odour,  proceeds 
from  this,  that  the  water  intercepts  the  metallic  emanations  from  the 
conductor;  the  influence  of  the  heat  that  reduces  the  oxides  ought 
also,  as  experiment  has  shown»  to  hinder  the  production  of  the 
odour.  In  fine«  the  two  examples  reported  by  M.  Schoenbein,  of 
a  strong  odour  produced  after  the  fall  of  the  thunderbolt,  are 
equally  favourable  to  my  hypothesis,  since  it  is  on  steeples,  and  con- 
sequently on  metallic  conductors,  that  the  lightning  fell  in  both  the 
cases  in  question. 

One  objection  which  may  be  presented  against  the  explanation 
that  I  have  just  given,  is  the  identity  that  exists  between  the  odour 
produced  by  electricity,  whatever  be  the  nature  of  the  metal  it  pro- 
ceeds from.  Now,  if  the  cause  of  this  odour  resides  in  the  metallic 
oxide,  this  odour  ought  to  vary  with  the  nature  of  this  oxide.  I 
remark  first,  that  it  is  quite  natural  that  bodies  so  similar  as  the 
oxides  of  platinum,  of  gold,  of  silver,  and  of  copper,  should  have  an 
analogous  odour.  Again,  the  sense  of  smell  is  not  so  perfect 
that  it  can  distinguish  the  very  delicate  shades  between  these  diffe- 
rent odours ;  and  in  inspiring  the  gas  which  possesses  the  odorous 
principle,  in  such  a  manner  as  to  appreciate  the  odour  still  better, 
by  bringing  into  action  at  the  same  time  the  taste  and  smell,*  I 
have  found,  and  I  am  not  the  only  one,  sensible  differences  in  the 
effect  produced  on  the  two  organs  by  the  principle  in  question  ;  it 
following  that  if  the  wires  which  conducted  the  current  into  the  acidu- 
lated water  were  of  platinum,  or  of  gold  or  silver,  the  impression 
was  much  more  disagreeable  and  acrid  wit^i  platinum  and  silver 
than  with  gold.  With  copper  wires  I  have  also  obtained  an  effect, 
less,  it  is  true,  than  with  the  other  metals,  because  the  oxide  of  copper 
is  almost  entirely  dissolved  in  aciAilated  water,  but  this  effect  was 
likewise  of  a  nature  rather  different  from  that  obtained  with  pla- 
tinum, or  with  gold  or  silver.  In  all  these  experiments,  the  water  I 
made  use  of  was  distilled  water,  mixed  with  a  small  quantity  of  very 
pore  sulphuric  acid. 

I  will  add  again,  that  in  operating  with  golden  wires,  I  obtained 
at  the  commencement  a  strong  odour ;  the  gold  wire  made  use  of 
at  the  positive  pole  was  then  seen  by  xlegrees  to  take  a  reddish  ap- 

•  This  mode  of  operating  was  pointed  oat  to  me  by  M.  Melly,  who  had  it 
from  M.  Schoenbein  him«elf,  whose  enperiments  be  witnessed. 
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pearance,  iodicating  that  it  was  becomiDg  oxidized,  the  oxygen  gas 
and  the  odour  dimiaishiog  at  the  flame  time,  antil  the  wire  had  taken 
altogether  a  red  colour.  The  poles  were  then  changed  immedi- 
ately;  the  wire,  in  place  of  remaimng  red,  presented  a  pulverulent 
surface,  due  to  the  reduction  of  the  oxide ;  and  if  the  wire  was 
again  brought  into  communication  with  the  positive  pole,  the  odour 
became  manifest  with  great  force  at  the  commencement. 

I  need  not  add,  that  the  negative  polarity  of  so  decided  a  cha- 
racter which  wires  of  platinum  and  gold  acquire  when  plunged  into 
oxygen  charged  with  the  odorous  principle,  is  very  probably  due  to 
the  deposit  of  oxide  in  suspension,  which  operates  on  their  surfaces. 
Now,  as  I  have  already  shown,  platinum  in  a  finely  developed  state, 
when  it  is  oxidized,  is  eminently  negative,  if  it  forms  a  voltaic  pair 
with  beaten  platinum,  either  in  wire  or  in  plates.  It  is  also  probably 
to  the  molecules  of  platinum  or  of  gold,  transported  by  the  current 
on  the  wires  or  plates,  serving  as  negative  poles,  and  where  the  dis- 
engngement  of  hydrogen  completely  reduces  them,  that  the  strong 
positive  polarity  which  these  wires  and  plates  possess  is  due.  This 
polarity  is  much  stronger  than  that  acquirea  by  these  metals  on 
being  simply  immersed  in  ordinary  hydrogen. 

I  will  not  conclude  this  first  section  without  remarking,  that  the 
digression  1  have  allowed  mysell  to  fall  into  on  account  of  the 
ozone  of  M.  Schoenbein,  is  connected  with  my  subject,  since  the 
basis  of  the  explanation  I  proposed  is  the  faculty  which  platinum 
and  gold  possess  of  becoming  oxidized.  This  is,  then,  an  applica- 
tion of  this  property  which  appears  to  me  to  be  not  without  some  in- 
terest I  hope  that  M.  Schoenbein  will  pardon  me  for  differing 
from  his  opinion  on  a  question  in  which,  in  every  case,  he  will 
always  have  the  merit  of  being  the  first  investigator,  and  of  having 
singularly  advanced  it  by  his  numerous  and  b^utiful  experiments. 
In  conclusion,  I  present  my  opinion  with  deference,  and  I  shall  be 
ready  to  acknowledge  my  error  when  pointed  out  to  me. 
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(Selectioms  continued  from  pqge  IdSj 

**  Ov  some  new  Oxides  of  certain  of  the  Metals  of  the  Magnesian 
Family,"  by  Dr.  Lyon  Playfair.* — ^Dr.  Playfair  first  adverted  to  our 
defective  knowledge  of  the  history  of  the  magnesian  oxides.  Che- 
mists were  more  intimately  acquainted  with  this  fiunily  than  with 
any  other  ;  but  stiU  the  actual  amount  of  their  knowledge  was  very 
scanty.  Manganese,  for  example,  possesses  six  degrees  of  oxidation ; 
whilst  magnesiimi,  the  type  of  the  family,  possesses  only  one.  Iron 
and  chromium  possess  sesqui-oxides,  but  copper  and  zinc  do  not ; 

*  We  have  before  aUnded  to  this  pa|)er  (puge  129),  but  could  not  at  that 
time  giv^  tbe  particulars  contained  in  it. — Edit. 
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yet  a  complete  identity  in  the  structure  of  their  molecules  has  been 
pointed  out,  affording  new  proofs  of  chemical  analogy.     Dr.  Play£ur 
showed  a  diagram  representing  all  the  magnesian  oxides  now  known, 
in  contradistinction  to  those  which  analogy  leads  us  to  expect.     In 
this  tabular  statement,  he  denied  the   existence  of  peroxides  of 
copper,  zinc,  and  calcium,  although  it  is  well  known  that  these 
oxides  are  admitted  by  chemists  as  having  been  discovered  by  The- 
nard.     The  compounds  obtained  by  Thenard,  and  to  which  he  had 
the  general  formula  R  O3,  were  obtained  by  the  action  of  peroxide 
of  hydrogen  on  the  protoxides  of  the  metals.     But  these  bodies  did 
not  possess  any  of  the  characters  which  analogy  would  lead  us  to  as- 
cribe to  magnesian  peroxides.     In  fact,  they  possess  all  the  pro- 
perties of  peroxide  of  hydrogen  itself:  they  decompose  spontane- 
ously, and  detonate  wiUi   combustibles.     Potash  accelerates  their 
decomposition,  while  acids,  under  certain  circumstances,  retard  it. 
Their  action  with  acids  is  opposed  to  our  conceptions  of  such  un- 
stable peroxides ;  for  they  dissolve  in  cold  acids  without  decomposi- 
tion, which  even  peroxide  of  manganese,  stable  as  it  is,  cannot  do. 
All  these  anomalous  properties  led  Dr.  Play  fair  to  look  for  another 
composition  for  M.   Thenard's  compounds.     In  the  course  of  his 
examination  of  the  magnesian  oxides,  he  found  that  the  peroxides 
had  a  great  disposition  to  unite  with  the  protoxides,  forming  com- 
pounds of  the  general  formula  R  O  +  Rs  O4.      Now,  hydrogen 
itself  is  a  magnesian  metal,  or,  at  all  events,  possesses  the  characters 
of  one,  and  its  peroxide  should  share  the  disposition  to  unite  with 
protoxides.     The  author,  therefore,  drew  the  conclusion,  that  The- 
nard*s  compounds  were  in  reality  similarly  composed,  having  the 
formula  M  O  -|-  Hg  Oi.     And  in  confirmation  of  this  view,  he 
stated,  that  Thenard*s  own  analyses  coincide  with  it  much  better 
than  with  his  own  view  of  their  being  peroxides.     This  chemist  ob- 
tained always  too  little  oxygen  to  agree  with  his  theory  of  their  com- 
position.    He  ought  to  have  procured  oxygen  in  the  proportion  of 
3:6:  whilst  on  Dr.  Playfair's  view,  the  proportion  would  be  3  : 
5,  a  result  which  approximates  closely  to  Thenard's  analyses.     From 
these  considerations,  the  author  considered  that  he  had  a  right  to 
affirm,  that  the  peroxides  of  copper,  zinc,  and  calcium,  as  far  as 
Thenard  was  concerned,  were  yet  unknown,  and  remained  to  be  dis- 
covered.    We  cannot  here  enter  into  the  details  of  Dr.  Playfair's 
modus  operandi,  and  omit  them  with  less  regret  since  he  stated,  that 
his  "  Memoir  on  the  true  Peroxides,"  will  shortly  be  published. 
We  shall  therefore  confine  ourselves  to  an  enumeration  and  brief 
description  of  the  compounds  described  by  him.     Peroxide  of  cop- 
per is  of  a  brownish  black  colour.     It  yields  oxygen  on  being  dis- 
solved in    acids  and  chlorides.     He  obtained  a  hydrate    of  this 
compound   oxide.     By  a  strong  heat  this  oxide  is  further  decom- 
posed.    The  next  oxide  to  which  the  author  referred,  was  tlie  per- 
oxide of  iron.     His  attention  had  been  directed,  a  few  days  since, 
0  an  ambiguous  sentence  in  the  **  Comptes  Rendusy''  in  which  M, 
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Fremy  appears  to  have  got  indications  of  this  oxide,  although  no 
description  is  given  of  it.  Dr.  Playfair  stated  that  if  M.  Fremy  had 
published  a  detailed  account  of  it,  of  course  the  priority  of  publica- 
tion entitled  him  to  the  priority  of  discovery,  but  he  had  seen  no 
such  account.  The  peroxide  of  iron  resembled  in  character  the 
peroxide  of  copper.  Like  that  oxide  it  contained  two  atoms  of 
water,  of  which  it  lost  one  and  a  half  atom  in  vacuo.  The  author  then 
described  a  peroxide  of  aluminum,  which  differed  from  the  others 
in  its  relations  to  water.  The  water  *  in  this  oxide  played  a  very 
important  part.  The  oxide  was  soluble  in  potash.  It  could  be  ob- 
tained in  a  crystallized  state,  and  formed  compounds  of  considerable 
interest,  as  throwing  light  upon  the  constitution  of  corundum  and 
other  minerals.  He  then  announced  some  new  oxides  of  zinc,  the 
examination  of  which  would  shortly  be  completed.  He  had  kept 
himself  from  examining  the  metaUie  acids  which  might  be  derived 
froih  them,  as  M.  Fremy  was  engaged  in  their  examination,  and 
he  had  no  wish  to  interfere  with  the  researches  of  that  able  chemist. 
The  author  pointed  to  the  necessity  of  doubling  the  atomic  weights 
of  the  magnesian  metals.  He  had  shown  that  Uiese  peroxides  pos- 
sessed the  formula  R^  O4,  and  not  R  O^.  Taking  the  case  of  cop- 
per we  have  the  series 

Cu.  O— Cu  O— Cu,  O,— Cu.  O^. 
In  all  these  oxides,  the  copper  unites  in  two  atoms,  except  in  the 
case  of  the  protoxide.     But  by  doubling  the  atom,  we  would  have  a 
uniform  series 

CuO— CuO,— CuOj— CuO^ 
— the  oxides  in  this  case  increasing  in  arithmetical  progression.  He 
showed,  that  in  many  of  the  salts,  there  was  evidence  of  this  double 
atom.  Sulphate  of  copper  absorbed  two  and  a  half  atom  of  ammo- 
nia ;  a  sulphate  of  lime  was  known  with  half  an  atom  of  water,  &c. 
**  On  some  peculiar  instances  of  (so-called)  Catalytic  Action,"  by 
Mr.  Mercer. — Mr.  Mercer  had  long  considered  that  instances  of 
catalysis  were  merely  examples  of  chemical  affinity,  exercised  under 
peculiar  circumstances.  A  body  never  entirely  yields  up  its  chemi- 
cal characters  on  uniting  with  oUier  bodies.  The  iron  in  protoxide 
of  iron,  has  still  an  affinity  for  more  oxygen,  and  has  not  lost  that 
affinity  by  its  first  union  with  that  element.  The  intensity  of 
affinity,  by  which  the  simple  elements  are  joined  in  the  complex 
molecule,  must  be  the  measure  of  the  stability  of  the  compound. 
Mr.  Mercer  argued,  that  when  the  elements  of  a  body  are  in  a  mere 
static  equilibrium,  by  virtue  of  a  feeble  attraction,  and  when  it  is 
acted  upon  by  another  body  possessing  an  affinity  for  one  of  its  consti- 
tuents, which  constituent,  on  the  o&er  hand,  ^om  peculiar  circum- 
stances, is  not  prone  to  combine  with  it,  that,  in  such  a  case,  so-called 
catalysis  must  ensue.  Thus,  on  mixing  oxalic  acid  and  nitric  acid 
with  a  litde  water,  and  raising  the  temperature  to  130^,  no  action 
ensues.  But  if  a  small  portion  of  any  protosalt  of  manganese  be  now 
added,  the  decomposition  immediately  commences,  and  all  the  nitric 
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acid  is  converted  into  nitrous  acid,  whilst  the  oxalic  acid  passes  into 
carbonic  acid.     He  thus  accounts  for  this  singular  action : — ^The  car  - 
bonic  oxide  of  the  oxalic  acid  possesses  a  disposition  to  unite  with 
oxygen;  to  gratify  this  disposition  it  endeavours  to  withdraw  it 
from  nitric  acid,  but  it  is  not  sufficiently  powerful  to  do  so ;  still  it 
places  the  atoms  of  the  nitric  acid  in  a  state  of  tension.     Another 
body  (protoxide  of  manganese)  now  being  introduced,  which  also 
possesses  an  affinity  for  oxygen,  exerts  this  affinity,  and  the  com- 
bined forces  thus  acting  upon  the  nitric  acid,  occasions  its  decompo- 
sition.    The  moment  tiie  oxygen  is  withdrawn  from  its  state  of  com- 
bination, it  has  two  affinities  to  choose  between,  and  the  attraction 
of  the  oxalic  acid  being  greater,  it  passes  over  to  it,  converting  it 
into  carbonic  acid.     The  protoxide  of  manganese  still  remaining,  will 
act  on  fresh  portions  ad  infinitum.     Most  of  the  vegetable  adds 
may  be  decomposed  in  a  similar  manner.     Fdlowing  up  this  view, 
Mr.  Mercer  had  discovered  a  number  of  examples  of  what  formerly 
would  have  been  called  catalysis.     He  showed  that  when  alumina 
(precipitated  from  a  hot  solution)  is  placed  in  contact  with  dilute 
nitric  acid,  no  apparent  action  ensues.     But  as  Dr.  Playfair  had 
described  a  peroxide  of  aluminum,  it  ought  to  have  a  disposition  to 
unite  with  oxygen.     To  discover,  then,  whether  the  atoms  of  nitric 
acid  were  actually  in  a  state  of  tension,  he  introduced  a  slip  of  calico 
rendered  blue  by  indigo.     When  this  came  in  contact  with  the  pre- 
cipitated alumina,  the  indigo  was  immediately  discharged,  although  it 
remained  unaffected  in  the  supernatant  liquor.     Chlorous  acid  was  a 
body  well  fitted  for  his  purpose,  as  its  elements  were  held  together  by 
a  feeble  affinity,  and  as  its  oxygen  was  very  readily  yielded.     He 
showed  that  the  peroxide  of  copper,  discovered  by  Dr.  Playfair, 
occasioned  a  great  evolution  of  oxygen  firom  a  solution  of  chloride  of 
soda.     This  was  owing  to  its  endeavours  to  become  cupric  acid, 
which,  under  certain  circumstances,  it  did  form.     He  had  noticed 
many  years  since,  that  a  dark  purple  solution  is  obtained  on  mixing 
chloride  of  lime,  a  salt  of  copper,  and  lime  with  water,  and  leaving 
the  mixture  at  repose.     No  evdutton  of  oxygen  Is  occasioned  by 
this  purple  solution,  but  by  the  peroxide  of  copper  before  passing 
into  it.     Peroxides  of  manganese  and  cobalt  exert  a  similar  action. 
The  reason  was,  that  these  metals  possessed  only  a  feeble  affinity  to 
pass  into  the  metallic  acids.     Still  die  affinity  was  sufficient  to 
occasion  the  withdrawal  of  oxygen  from  chlorous  acid.    The  moment 
it  was  withdrawn,  elasticity  came  into  play,  and  it  escaped  as  a  gas. 
A  similar  action  is  exerted  by  the  peroxides  of  iron  and  lead.    From 
these  and  several  other  instances  whieh  were  described,  Mr.  Mercer 
concluded  that  almost  all  instances  of  catalytic  action  may  be  reduced 
to  feeble  chemical  affinity.     He  concluded  by  some  speculations  on 
the  atomic  constitution  of  complex  molecules. 

Prof.  Powell  gave  an  account  of  a  simplified  i^paratus,  for  apply- 
ing circular  polarization  to  chemical  inquiries.  The  application  of 
the   phenomena  of  circular  polarizati<m  in  characteriainp^  certnia 
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liquid  solutions,  was  fully  pointed  out  by  Biot,  who  also  contrived  a 
Yery  accurate  apparatus  ft»  examining  the  effects  in  question.  But 
that  apparatus  being  expeasiTe  and  difficult  of  adfustment,  Prof. 
Powell  has  devised  a  simpler  instrument,  sufficiently  accurate  for 
general  indications,  and  for  the  objects  of  the  chemical  student  He 
places  the  solution  to  be  examined  in  a  common  test  tube,  which 
must,  of  course,  be  fixed  in  a  vertical  position ;  below  the  tube  is 
the  polarizing  plate,  making  with  it  an  angle  of  35^°,  and  above  it  is  a 
double  refracting  crystal  (rhomboidal  calcareous  spar)  in  its  natural 
state.  The  light  is  thrown  on  the  polarising  plate  by  a  plane  mir- 
ror ;  passes  along  the  tube  (at  either  end  of  which  it  is  limited  to  a 
small  aperture) ;  is  then  separated  by  the  crystal,  and  finally  viewed 
through  a  lens  which  magnifies  the  separation,  and  also  reduces  the 
irregular  light  to  perfect^  circular  discs.  Tubes  of  various  lengths 
may  be  used  as  occasion  requires. 

Dr.  Dalton  brought  before  the  meeting  three  papers,  lately  pub- 
li^ed  by  him.  1.  ''  On  the  Phosidiates  and  Arseniates."  2.  *'  On 
Microcosmic  Salt"  S.  '^  On  a  new  and  easy  method  of  Analyzing 
Sugar."  These  papers  having  been  published,  it  is,  therefore,  un- 
necessary to  furnish  abstracts  of  them. 

*'  On  the  Agricultural  Importance  of  ascertaining  the  Minute  Por- 
tions of  Matter  derived  from  Organic  Sources  that  may  be  preserved 
in  the  Surface  Soil ;  and  on  the  Chemical  Means  by  which  its  presence 
may  be  detected,"  by  Dr.  Daubeny.  The  researches  of  Sprengel 
and  Liebig,  by  showing  the  manner  in  which  minute  quantities 
of  certain  ingredients  may  impart  to  the  soil  foto  which  they  enter 
88  constituents,  entirely  new  properties  with  reference  to  the  purposes 
of  agriculture,  have  given  additional  interest  to  the  methods  of  ana- 
lysis which  aim  at  determining  the  chemical  composition  of  the 
surface,  and  of  the  substratum  from  which  the  former  principally 
derives  its  chief  ingredients.  The  rude  mechanic  method  adopted, 
even  by  such  chemists  as  Sir  H.  Davy,  is  no  longer  considered  suf- 
ficient. The  nature,  as  well  as  the  amount  of  the  organic  matter 
jwesent,  and  the  existence  of  phosphates,  &c.,  in  the  proportion 
o^  TTnnr»  oi^  ^^^  ttotstt  pttrt  of  the  entire  mass,  are  points  deserv- 
ing investigation,  and  afford  a  clue  to  the  description  of  manures 
most  likely  to  be  useful,  and  to  the  general  treatment  which  the  land 
may  require.  It  is  also  obvious,  that  the  same  importance  attaches 
to  a  knowledge  of  the  constitution  of  the  sub-soil,  since  the  advan- 
tages of  exposing  to  atmospheric  infiuences,  and  thus  disintegrating 
the  portions  underneath  by  deep  ploughing,  and  other  methods  of 
bringing  the  subsoil  to  the  sur&ce,  will  in  a  great  degree  depend 
upon  its  containing  ingredients  which  the  crop  requires  for  its  sub- 
sistence, and  of  which  the  superficial  soil  has  been  already  in  a  great 
degree  exhausted.  Thus,  for  example,  it  will  often  become  a  ques- 
tion with  the  farmer,  whether  it  will  be  more  economical  to  mix 
with  the  soil  a  given  quantity  of  phosphate  of  lime,  or  to  incur  the 
labour  of  so  breaking  up  a  portion  of  the  subjacent  rock,  as  to  un- 
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lock,  as  it  were,  for  the  use  of  the  crop,  that  quantity  which  it  con- 
tains in  close  union  with  its  other  constituents.  This  inquiry,  how- 
ever, presupposes  a  knowledge  on  his  part  of  the  existence  of  phos- 
phate of  lime  in  the  soil,  and  of  the  relative  proportion  it  bears  to 
the  other  ingredients :  data,  which  can  only  be  obtained  through  the 
assistance  of  refined  chemical  analysis.  A  few  simple  and  easy  cal- 
culations may  show  how  very  small  a  proportion  of  this  ingredient 
might  suffice  during  a  long  period  of  time,  for  the  demands  even  of 
those  crops  which  require  the  largest  amount  of  it  for  their  nutri- 
tion. Suppose  the  sub-soil  of  a  single  acre  of  ground,  turned 
up  to  the  depth  of  a  foot,  to  weigh  1,000  tons:  now  if  this  rock 
should  be  found  to  contain  only  -rtra?^  pu^  of  phosphate  of  lime,  it 
will  follow  that  no  less  than  a  ton  of  this  substance  might  be  extracted 
from  the  uppermost  foot  of  the  subjacent  rock,  by  tibe  action  of  the 
elements,  or  by  chemical  means.  Now  one  ton  of  phosphate  of 
lime  would  be  adequate  to  supply  125  tons  of  wheat,  or  680  tons  of 
turnips.  And  if  we  reckon  the  average  crop  obtained  from  an  acre 
of  land  to  be,  of  wheat  one  ton,  and  of  turnips,  fifteen,  it  is  evident  that 
we  have  at  hand  as  much  phosphate  of  lime  as  would  be  neccessary 
for  125  crops  of  the  former,  or  for  45  crops  of  the  latter.  Dr. 
Daubeny  said  he  had  great  reason  to  believe,  that  many  of  our  se- 
condary rocks,  those  especially  which  contain  organic  remains,  and 
which  appear  in  a  great  measure  to  be  made  up  of  shelb,  would  be 
found,  if  examined,  to  contain  as  large  a  quantity  of  phosphate  of 
Kme  as  that  mentioned.  Though  the  soil  of  Great  Britain  be  found 
deficient  in  the  phosphates,  there  is  reason  to  believe  the  subsoil 
might,  in  many  cases,  be  made,  by  proper  management,  to 
impart  to  it  what  was  wanting.  It  is  now  some  years  since  the 
discovery,  by  Mr.  Buckland,  in  the  lias,  and  other  secondary  rocks, 
of  the  solid  fseces  of  certain  extinct  animals,  consisting  of  phosphate 
of  lime,  induced  Dr.  Daubeny  to  test  a  variety  of  specimens  of 
limestone,  with  a  view  of  ascertaining  whether  traces  might  be 
found  in  them  of  the  same  ingredient.  The  result  was,  that  phos- 
phate of  lime  in  minute  quantities  was  much  too  commonly  distributed 
to  be  attributed  to .  cuprolitic  matter,  or  to  afford  any  independent 
evidence  of  its  presence.  When,  indeed,  we  recollect  that  the  shells 
of  invertebral  animals  contain  from  three  to  six  per  cent,  of  phosphate 
of  lime,  and  that  according  to  Mr.  Connell,  the  scales  of  extinct  fish, 
taken  from  rocks  as  old  as  the  coal  formation,  possess  no  less  than 
fifty  per  cent,  of  the  same  ingredient,  it  would  be  wonderful,  indeed, 
if  all  traces  of  this  substance  had  dissappeared  from  rocks,  which 
appear  often  to  be  made  up  in  a  great  degree  of  the  debris  of  shells 
and  other  marine  exuviss.  Dr.  Daubeny  was,  therefore,  not  sur- 
prised at  being  informed,  by  M.  Schweitzer,  who  is  entrusted  with 
the  management  of  the  German  Spa  at  Brighton,  that  he  had  de- 
tected in  the  chalk  of  Brighton  Downs,  as  much  as  rcva  P^rt  of 
phosphate  of  lime.  From  experiments  since  made  by  Dr.  Daubeny 
in  the  same  rock,  taken  from  various  localities,  he    was  inclined   to 
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believe,  that  minute  portions  of  this  substanqe  are  present,  not  un- 
commonly, in  that  formation.     The  frequent  occurrence  of  phosphate 
of  lime  in  calcareous  rocks,  and  the  probability  of  its  haVing  been 
derived  from  the  shells,  or  bony  matter  of  the  living  beings,  contain- 
ed in  the  calcareous  rock,  fed  Dr.  Daubeny  to  suspect  that  traces 
also  of  the  organic  matter  which  contributed  to  make  up  the  animal 
structure,  might  likewise  be  found  accompanying  it.     To  determine 
this,  the  doctor  had  applied  a  test  to  about  fifty  different  specimens 
of  limestone  selected  from  his  cabinet,  and  found,  that  whilst  the 
solutions  of  the  pure  marble,  such  as  that  of  Carrara,  continue  un- 
affected, the  equally  pure  and  white  limestones  taken  from  the  chalk 
and  tertiary  formations  in  general,  become  distinctly  darkened  by 
the  addition  of  nitrate  of  silver. — Dr.  Daubeny  read  a  letter  from 
M.  Schweitzer,  who  had  been  precluded  from  emplo3ring  the  secon- 
dary limestones  in  obtaining  carbonic  acid  wherewith  to  impregnate 
his  mineral  waters,  owing  to  an  empyreumatical  odour  which  the 
gas  carried  up,  and  which  he  attributed  to  an  organic  cause.     To 
obtain  a  perfectly  pure  carbonic  acid,  for  his  imitation  of  the  Spas 
of  the  continent,  he  was  compelled  to  resort  to  the  pure  kinds  of 
marbles.     With  regard  to  the  presence  of  organic  matter  in  the 
subsoil,  its  detection  may  be  a  matter  of  some  agricultural  interest, 
when  we  remember  that  the  small  quantities  of  nitrogen  which  are 
required  for  the  growth  of  those  vegetables  that  first  start  up  in  a 
new  country  could  not  have  taken  place  from  an  accumulation  of 
mould,  by  the  decay  of  antecedent  plants,  but  must  have  been 
derived  in  a  great  measure  from  the  animal  matter  which  is  con- 
tained in  the  rock  upon  which  they  grew,  and  which  proceeds  from 
the  exuviae  of  races  of  beings  belonging  to  a  former  period  of  creation. 
In  a  more  advanced  period  of  vegetation,  this  same  material  may  be 
of  some  value  to  the  crops  that  occupy  the  soil.     Dr.  Daubeny 
suggested  whether  the  more  compact  texture  of  certain  calcareous 
rocks  than  of  others,  might  not  be  connected  with  the  existence  in 
them  of  organic  matter,  which,  by  its  interposition,  may  prevent 
a  crystalline  arrangement  of  its  particles  from  taking  place.     It 
may  be  that  the  attraction  between  the  particles  of  matter,  which, 
if  uncontrolled,  would  prove  too  powerful  for  the  agents  of  decompo- 
sition to  overcome,  may  be  weakened  by  the  presence  of  organic 
matter,  and  thus  be  enabled  to  supply  the  vegetables  that  take  root 
in  it  with  the  solid  matter  which  their  structure  requires.     To  the 
geologist,  too,  it  cannot  but  be  of  interest  to  trace  the  several  steps 
by  which  the  organic  matter,  which  primarily  must  have  constituted 
so  large  a  portion  of  the  bulk  of  die  various  extinct  animals  and 
vegetables,  have  disappeared  from  the  strata  which  enveloped  them. 
Mr.  Webb  Hall  wished,  as  a  question  of  practical  interest,  to  know 
whether  the  Doctor's  discoveries  would  infiuence  the  mode  in  which 
calcareous  matter  was  applied  to  the  soil,  so  as  to  increase  the  fer- 
tilizing effect  ? — Dr.  Daubeny  said,  he  doubted  whether,  in  ordinary 
oases,  the  small  quantity  of  organic  matter  which  limestone  contains 
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could  be  of  great  importance.     Still,  it  was  uaefol  to  know  fr<Hn 
what  the  first  yegetables  derived  the  nitrogen  they  required. 

'<  On  the  Electric  Origin  of  the  Heat  of  Combustion/'  by  J.  P. 
Joule. — ^Tfae  author  is  of  opinion  that  he  has  succeeded  in  rendering 
evident  the  fact  that  the  heat  of  combustion  is  an  electrical  pheno- 
menon, and  tiiat  the  method  of  its  developement  is  by  resistance  to 
electric  conduction.  He  has  entered  upon  other  cases  of  chemical 
heat,  but  finds  them  more  difiicult  than  he  expected,  and  intends  to 
examine  the  heat  of  combustion  again,  being  satisfied  that,  when  its 
electrical  character  is  completely  established,  the  theory  of  all  che- 
mical heat  will  find  its  proof  at  the  same  time. 

Dr.  Daubeny  read  a  paper  ^'  On  the  Causes  of  the  Irregularities 
of  Surface  which  are  observable  in  certain  parts  of  the  Magnesian 
Limestone  Formations  of  this  Country." — ^Tfae  magnesian  limestone 
rock  in  some  of  the  quarries  in  Derbyshire,  presents  a  remarkable 
iqipearance.  They  do  not  possess  an  nndukting  surfiice,  as  the  lime* 
stones  generally  do,  but  die  surface  is  covered  with  irregular  eleva* 
tions  and  depressions  of  a  very  marked  character.  Prof.  Sedgwick 
had  cursorily  noticed  the  configuralaonB  which  these  magnesian  lime- 
stones possess,  and  ascribed  it  to  an  arrangement  of  the  particles  of 
the  rock  which  took  place  in  the  act  of  its  consolidation.  Dr.  Dau- 
beny, however,  wss  inclined  to  ascribe  them  to  the  action  of  atmos- 
pheric influences,  and  to  that  of  water  impregnated  with  carbonic 
add. 

'^On  the  Composition  of  the  Blood  and  Bones  of  Domestic 
Animals,"  by  Prof.  Nasse,  of  Marbuig. — The  author  of  this  piqwr 
had  made  an  elaborate  series  of  proximate  ana^es  of  the  blood  of 
man,  the  dog,  cat,  horse,  ox,  calf,  goat,  sheep,  pig,  goose,  and  fowl, 
ascertaining  the  relative  proportions  in  eadi  of  water,  serum,  al- 
bumen, fibrine,  and  fat,  together  also  with  the.  usual  saline  consti- 
tuents. The  results  of  his  analyses  he  exhibited  in  a  series  of  tables, 
which  are  too  extended  for  Insertion.  He  drew  some  conclusions 
with  respect  to  the  relation  of  each  constituent  part  to  the  rest. 
Thus,  from  purely  chemical  evidence,  he  arrives  at  the  conclusion^ 
that  the  less  iron  and  more  alkaline  carbonates  and  fibrine  which 
are  contained  in  the  blood,  the  weaker  will  the  conatitation  of  the 
animal  be,  and  the  more  liable  to  disease.  Thus  the  blood  of  tiie 
English  horse  contains  much  more  iron  and  less  alkaline  matter  or 
fibre  than  the  German  horse  ;  and  it  is  well  known  that  the  blood 
is  far  less  liable  to  disease  in  the  former  than  in  the  latter.  Prof. 
Nasse  then  examines  the  variation  in  the  composition  of  wounded 
and  of  healthy  bones.  The  conclusion  deduced  from  his  analysis  is, 
that  the  bones  of  injured  limbs  are  deficient  in  organic  constituents, 
such  as  in  their  gelatine,  as  well  as  in  the  carbonate  of  lime.  The 
proportion  of  phosphate  of  lime  remains  unchanged,  but  that  of  car- 
bonate of  lime  is  much  diminished.  The  Professor  accounted  for 
this  phenomenon  from  the  circumstance  of  carbonate  of  lime  being 
soluble  in  carbonic  acid.     When  a  limb  is  injured,  blood  thickens 
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in  the  substance  of  the  bone,  and  in  this  state  contains  more  car- 
bonic acid  than  that  which  freely  circulates,  and  would,  therefore, 
favour  its  solution.  The  liquid  taken  from  die  injured  part  contains 
more  than  its  normal  quantity  of  albumen,  which,  under  certain  cir- 
cumstances, favours  the  solubility  of  carbonate  of  lime. — The  thanks 
of  the  Section  inrere  given  to  Prof.  Nasse  for  his  communication. 

Dr.  Playfair  drew  attention  to  some  points  connected  with 
Professor  Nassers  tables  of  the  composition  of  the  blood  of  the 
various  animals.  He  (Dr.  Playfair)  had  shown,  by  some  analyses 
published  in  "  Liebig*s  Physiology,"  that  the  ultimate  composition  of 
blood  and  flesh  were  nearly  identical.  Hence  the  professor's  results 
might  be  considered  as  tables  of  the  economic  value  of  the  flesh  of 
animals,  and  the  results  agreed  closely  with  actual  facts.  Thus, 
according  to  the  author  of  the  paper,  the  blood  of  man  contained 
74.194  of  albumen;  the  blood  of  the  ox,  which  formed,  after  being 
transformed  into  flesh,  the  most  nutritious  food  for  man,  contained 
74.45  of  the  same  body ;  the  pig,  the  flesh  of  which  was  equally 
nutritious,  contained  dso  exactly  the  same  as  that  of  man — viz. 
74.80.  Then  in  those  animals,  die  flesh  of  which  is  less  nutritious, 
we  flnd  the  proportion  of  albumen  considerably  less  than  in  man ; 
thus  in  the  blood  of  the  goat  it  is  only  62.905  ;  in  the  goose  48,695  ; 
in  the  fowl  48.52. 

"  On  the  Improvement  of  the  Telescope,"  by  Mr.  Fox  Talbot. — 
Mr.  Fox  Talbot  said,  that  this  subject  occurred  to  him  about  two 
years  ago,  when  the  Earl  of  Ross  (then  Lord  Oxmantoun)  was 
making  much  larger  specula  for  reflecting  telescopes  than  had  ever 
been  obtained  before ;  and  he  thought,  if  once  we  had  a  very  large 
and  perfect  speculum,  it  might  be  possible  to  multiply  copies  of  it  by 
galvanic  means.  He  had  observed,  that  if  an  electrotype  cast  were 
taken  from  a  perfectly  pohshed  surface,  the  cast  was  also  perfectly 
polished ;  sodiatno  defectof  form  from  this  cause  could  have  an  inju- 
rious eflect  on  the  speculum.  The  great  and  obvious  defect  was, 
that  electrotypes  were  in  copper,  which  reflected  but  little  light.  He 
mentioned  these  ideas  to  Professor  Wheatstone,  who  said  the  same 
had  occurred  to  him ;  and  he  showed  him  a  paper  which  he  had 
drawn  up  some  few  months  before,  and  in  which  he  suggested  the 
taking  galvanoplastic  casts  of  specula  in  platina,  paUadium,  silver, 
or  nickel,  and  for  especial  purposes  gilding  the  copper ;  taking  care 
that  the  two  precipitations  adhered  well  to  each  other.  So  that 
(said  Mr.  Talbot)  the  idea  had  suggested  itself  independently  to  both 
of  them ;  but,  on  comparing  notes,  they  found  diflerences.  Though 
it  had  occurred  to  him  (Mr.  Talbot)  to  precipitate  white  metals,  yet 
he  did  not  think  that  platina  would  have  a  sufficiently  beautiful  white 
metallic  polish.  Professor  Wheatstone,  had,  however,  made  choice 
of  platina ;  and  varying  the  quantity  till  he  found  the  required  pro- 
portion, he  obtained  a  mirror  in  platina,  which  appeared  to  him 
(Mr.  Talbot)  to  have  quite  brilliant  polish  enough,  and  to  be  white 
enough  to  answer  the  purpose ;  and  he  considered,  therefore,  that 
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Professor  Wheatstone  had  proved,  that,  at  least  in  one  form,  the 
specula  of  telescopes  might  be  made  by  voltaic  precipitation.  His 
own  idea  was,  that  it  might  be  possible  to  whiten  the  surface  of  the 
copper  without  injuring  the  form ;  and,  therefore,  having  obtained 
a  speculum  in  very  bright  polished  copper,  he  (Mr.  Talbot)  whitened 
it,  and  transformed  it  into  sulphuret  of  copper ;  and,  after  having 
retained  it  about  a  year,  he  did  not  perceive  the  smallest  alteration 
in  any  respect.  This,  therefore,  appeared  to  him  a  mode  by  which 
important  results  for  astronomers  could  be  obtained.  For  the  last 
year,  perhaps,  nothing  further  had  been  done,  either  by  Professor 
Wheatstone  or  himself;  but,  the  other  day,  being  at  Munich,  he 
(Mr.  Talbot)  visited  Professor  Steinheil,  who  showed  him  his  inven- 
tions, and  told  him  he  had  discovered  a  method  of  making  specula 
by  the  electrotype.  It  so  happened,  that  both  Professor  Steinheil 
and  himself  had  published  their  respective  methods  about  a  month 
or  six  weeks  before ;  the  professor  having  read  a  communication  on 
the  subject  before  the  Academy  of  Sciences  at  Munich,  and  printed 
it,  and  he  (Mr.  Talbot)  having  published  his  in  England.  Their 
modes  were,  however,  different,  asi  Professor  Steinheil  precipitated 
gold  upon  the  speculum  of  copper :  and,  having  precipitated  a  cer- 
tain thickness  of  gold,  he  then  precipitated  copper  on  the  back  of  the 
gold,  to  give  it  sufficient  thickness.  He  (Mr.  Talbot)  should  have 
thought  beforehand  that  gold  would  not  reflect  light  enough  to  be 
available  ;  but  Professor  Steinheil  informed  him  he  had  found,  by 
careful  experiment,  that  it  reflected  more  light  than  polished 
steel.  He  allowed  Mr.  Talbot  to  look  through  a  Gregorian 
reflecting  telescope,  of  which  the  speculum  was  a  common  one, 
but  gilded,  and  he  found  the  image  perfectly  clear  and  well 
defined.  A  slight  tinge  of  yellow  was  thrown  over  all  the 
objects,  but  the  image  was  perfectly  clear  and  defined.  Professor 
Steinheil  said,  that  in  the  course  of  a  year,  he  should  have  a  very 
large  telescope,  furnished  not  only  with  a  speculum,  but  also 
with  other  apparatus,  voltaically  formed,  so  that  telescopes  might 
be  made  all  from  a  good  model,  so  as  to  insure  greater  accuracy  of 
proportions;  and  in  this  way  even  very  large  telescopes  might  be 
constructed  at  a  comparatively  trifling  expense.  With  reference 
to  precipitating  copper  on  the  back  of  the  gold,  tlie  professor  had  a 
simple  expedient  for  securing  adhesion.  He  first  precipitated  gold 
from  the  cyanide  of  gold,  and  he  mixed  with  it  cyanide  of  copper, 
and  kept  gradually  increasing  the  quantity  of  the  latter  sort ;  so  that 
an  alloy  was  precipitated,  which  was  continually  increasing  the  cop- 
per with  respect  to  the  gold,  till  he  had  a  specultun  whose  surface 
was  gold,  and  which  then  became  an  alloy,  the  quality  decreasing, 
till,  at  the  bottom,  it  became  pure  copper.  This  was  important : 
because,  without  such  experiments,  one  would  not  have  known  that 
such  results  would  have  followed ;  for  some  philosophers  supposed, 
that,  if  we  attempt  to  precipitate  the  salts  of  two  metals,  only  one 
was  precipitated ;    but  Professor  Steinlieil  informed  him  that  they 
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precipitaiecLin  union.  He  thus  obtained  a  speculum  with  a  face  of 
gold  and  a  back  of  copper.  But,  supposing  the  largest,  cheapest, 
and  best  speculum  were  obtained,  the  framework  of  the  telescope 
would  be  so  gigantic,  that  few  observers  would  be  able  to  use  the 
instrument.  With  a  focal  length  of  sixty  to  eighty  feet,  it  would  be 
quite  unmanageable  for  any  private  individual.  The  idea  occurred 
to  him  (Mr.  Talbot),  to  have  a  tube  fixed  in  an  invariable  position, 
and  to  have  a  perfectly  true  plane  mirror,  of  a  size  somewhat  larger 
than  the  concave  speculum,  placed  in  front  of  the  tube,  with  an  aper- 
ture in  the  centre.  This  plane  reflector  should  be  moveable  about 
its  centre  in  any  direction ;  so  that  luminous  bodies,  falling  first 
upon  the  plane  reflector,  were  then  reflected  against  the  concave 
reflector,  and  passed  through  the  aperture.  The  only  motion  re- 
quisite for  its  plane  mirror  would  be  one  about  its  centre.  The 
mechanical  difficulties  in  the  way  of  this  plan  would  be  far  less  than 
in  the  common  method.  Professor  Steinheil's  idea  on  this  point 
was  somewhat  diflerent.  He  (Mr.  Talbot)  did  not  think  it  impor- 
tant in  what  direction  the  tube  of  the  telescope  was  directed. 
Professor  Steinheil's  idea  was,  that  it  should  be  pointed  directly  to 
the  pole  of  the  heavens,  and  kept  as  steady  as  possible,  and  that  the 
plane  mirror  should  have  a  simple  motion  of  revolution,  indeed  two 
motions,  but  about  a  rectangular  centre. 

Shortly  after  this  paper  had  commenced,  the  distinguished  astro- 
nomer, Professor  Bessel,  entered  the  Section.  As  soon  as  the 
President  announced  his  name,  which  he  accompanied  with  a  few 
eloquently  eulogistic  sentences,  the  entire  Section  rose  from  their 
seats  and  applauded.  M.  Bessel  expressed  in  warm  terms  his  sense 
of  the  honour. — Mr.  Isaac  Holden  observed  that  the  late  Earl 
Stanhope  had  actually  constructed  a  reflecting  telescope  on  the  very 
principles  now  proposed,  both  with  respect  to  the  fixity  of  the 
concave  speculum,  and  the  use  of  a  moveable  plane  mirror. — Sir  D. 
Brewster  mentioned  a  plan  proposed  by  an  American  some  years 
since,  for  generating  a  pro- tempore  speculum,  by  causing  quicksilver 
to  revolve  rapidly,  when  the  centrifugal  force  would  form  it  into  a 
paraboloid,  the  very  shape  best  adapted  for  the  purpose. — The 
President  inquired  from  Mr.  Talbot  whether  some  contrivance  similar 
to  the  Serial  telescope  of  Huygens  and  Hevelius  might  not  be 
adapted  so  as  to  dispense  with  the  plane  mirror,  the  accurate  con- 
struction of  which  was  nearly,  if  not  quite,  as  difficult  a  mechanical 
problem  as  the  construction  of  the  great  speculum. — Mr.  Talbot 
replied,  that  the  principle  of  the  aerial  telescope  was  not,  in  his 
opinion,  applicable  to  a  refiector.  The  reflecting  speculum  being 
on  the  ground,  it  would  be  necessary,  on  that  principle,  that  the 
observer  should  be  elevated :  an  arrangement  incompatible  ^ith  his 
free  change  of  place.  In  reply  to  a  question  from  Sir  T.  Brisbane, 
Mr.  Talbot  said,  that,  with  proper  precautions,  the  original  speculum 
would  not  run  any  risk  of  deterioration  during  the  electrotype 
process. 


204  Meeting  of  the  British  Association. 

Sir  D.  Brewster  then  proceeded  to  make  three  communications : 
— 1,  *'  On  Luminous  Lines  in  certain  flames  corresponding  to  the 
defective  lines  in  the  Sun's  light :"  2,  "  On  the  Structure  of  a  part 
of  the  Solar  Spectrum,  hitherto  unexamined ;"  and  d>  "  On  the 
Luminous  Bands  in  the  Spectra  of  various  flames."  1.  After  notic- 
ing Fraunhofer's  beautiful  discovery  as  to  the  phenomena  of  the 
line  D  in  the  prismatic  spectrum,  Sir  David  said,  he  had  received  from 
the  establishment  of  that  eminent  man,  at  Munich,  a  splendid  prism, 
made  for  the  British  Association,  and  one  of  the  largest,  perhaps, 
ever  made ;  and,  upon  examining  by  it  the  spectrum  of  deflagrating 
nitre,  he  was  surprised  to  And  the  red  ray,  discovered  by  Mr.  Fox 
Talbot,  accompanied  by  several  other  rays,  and  that  this  extreme 
red  ray  occupied  the  exact  place  of  the  line  A  in  Fraunhofer's  spec- 
trum, and  equally  surprised  to  see  a  luminous  line  corresponding 
with  the  line  B  of  Fraunhofer.  In  fact,  all  the  black  lines  of  Fraun- 
hofer  were  depicted  in  the  spectrum  in  brilliant  red  light.  The  lines 
A  and  B  turned  out  in  the  spectrum  of  deflagrating  nitre  to  be  both 
double  lines ;  and,  upon  examining  a  solar  spectrum  under  favour- 
able circumstances,  he  found  bands  corresponding  to  these  double 
lines.  He  had  looked  with  great  anxiety  to  see  if  there  was  any 
thing  analogous  in  other  flames,  and  it  would  appear  that  this  was  a 
property  which  belonged  to  almost  every  flame.  II.  He  had,  by 
means  of  the  prism  from  Munich,  been  enabled  to  extend  the  solar 
spectrum  beyond  the  point  where,  according  to  Fraunhofer,  it  ter- 
minated immediately  at  the  side  of  the  line  A,  and  he  (Sir  David) 
found  one  part  to  consist  of  about  sixteen  lines,  placed  so  near  ta 
each  other  that  it  was  difficult  to  recognise  the  separation ;  but  the 
lines,  as  they  approached  to  A,  were  much  nearer  to  each  other  than 
as  they  receded  from  it ;  consequently,  that  portion  of  the  spectrum 
appeared  concave,  resembling  so  much  the  scooped-out  lines  of  a 
moulding  on  wood,  that  it  was  scarcely  possible  to  suppose  that  the 
beholder  was  not  looking  at  such  a  moulding.  He  was  led  to  ob- 
serve an  analogous  structure  near  the  line  B  ;  and  upon  carrjdngon 
this  comparison  of  structure  of  one  part  of  the  spectrum  with  that  of 
another,  it  seemed  to  him,  that,  by  and  bye,  something  important 
would  result ;  for  there  was  a  repetition  of  a  group  of  lines,  and 
similar  lines,  through  different  parts  of  the  spectrum,  as  if  the  same 
cause  which  produced  them  in  one  part,  produced  them  in  another. 
III.  He  had  endeavoured  to  procure  all  the  minerals  and  artiflcial 
salts  and  other  substances  capable  of  combustion  which  could  be  had ; 
and,  in  order  to  have  a  suitable  combination,  he  used  an  oxygen 
light  analogous  to  the  Bude  light.  Every  one  conducting  these  ex- 
periments was  aware  that  it  was  necessary  to  pass  the  light  through 
a  narrow  aperture  ;  but  this  would  reduce  the  intensity  of  the  light 
so  much,  as  to  make  it  difficult  to  observe  the  rays  at  the  extremity 
of  the  spectrum ;  but  he  found  that  he  could  obtain  the  efiect  of  a 
small  aperture,  by  merely  inclining  the  prism ;  so  that,  with  a  good 
rism ,  the  great  lines  in  the  solar  spectrum  might  be  seen  by  using 
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an  aperture  three  or  four  feet  wide,  the  whole  breadth  of  the  win- 
dow, by  the  mere  inclination  of  the  prism,  which  had  the  effect  of 
producing  a  narrowing,  facing  the  light.  He  had  obtained  200  or 
300  results,  which  he  had  not  had  any  leisure  to  group ;  but  he 
would  mention  some  of  the  general  results.  When  nitrate  of  lead 
was  thrown  into  combustion,  remarkably  fine  lines  were  produced  in 
the  spectrum.  The  luminous  line  D,  of  Fraunhofer,  existed  in 
almost  eveiy  substance,  especiaUy  in  all  into  which  soda  entered, 
particularly  in  the  flame  of  a  common  tallow  candle  ;  probably  owing 
to  the  muriate  of  soda  existing  in  the  tallow.  The  hydrate  of  stron- 
tytes  gave  the  lines  yery  remarkably  in  yellow  and  green.  The 
iodide  of  mercury  did  the  same.  Also  in  that  remarkable  substance, 
the  lithoxanthemate  of  ammonia,  first  discovered  and  published  by 
Mr.  Fox  Talbot,  the  fine  lines  were  seen  throughout  the  whole 
length  of  the  spectrum ;  and  there  was  a  remarkable  blue  band, 
which  he  (Sir  D.  Brewster)  bad  not  distinctiy  recognized  in  any 
other  fiame.  Indigo  gave  fine  green  and  orange  lines  at  equal  dis- 
tances from  the  D  of  Fraunhofer.  Prussian  blue  did  the  same  ; 
calomel,  nitrate  of  magnesia,  litharge,  also  showed  lines ;  the  sulpho- 
cyanite  of  potash  gave  a  violet  and  orange  flame,  with  the  lines  ex- 
tremely distinct.  He  hoped,  at  tiie  next  year's  meeting  of  the  asso- 
ciation, to  be  able  to  embody  these  various  results  in  a  regular » 
report. 

Sir  W.  Hamilton  said  it  was  clear  that  these  optical  researches  gave 
definite  characters  to  things,  which  it  would  be  necessary  to  include 
in  any  new  history  of  chemical  compounds. — Mr.  Fox  Talbot  ex- 
pressed his  gratification,  that  Sir  David  Brewster  had  taken  up  this 
curious  branch  of  inquiry.  Nothing  was  more  extraordinary  than 
the  first  fact  discovered  by  Fraunhofer,  that  the  double  yellow  ray 
produced  in  most  flames,  especially  when  soda  was  in  combustion, 
should  answer  exactly  to  the  double  black  line  in  the  solar  spectrum. 
This  was  one  of  the  most  unintelligible  things  in  natural  philosophy. — 
Sir  D.  Brewster  said  that  he  might  mention  that  the  lines  D  were 
wanting  in  all  spectra  of  the  stars  hitherto  discovered.  Fraunhofer, 
in  his  paper  on  the  subject,  stated  that  he  had  found,  in  all  the 
spectra  of  the  stars  he  had  examined,  black  lines,  but  not  the  bright 
Ime  D.  He  (Sir  D.  Brewster),  in  making  experiments  on  the 
light  of  some  of  the  coloured  stars,  particularly  the  blue  and  red 
stars,  in  many  parts  of  the  heavens,  looking  at  them  through  a  rock- 
salt  prism  at  an  angle  of  79^,  the  largest  angle  that  would  transmit 
the  light,  and  with  Sir  James  South's  telescope,  he  found  those  black 
bands  existing  in  the  star,  and  that  those  coloured  rays  were  wanting 
which  would  account  for  the  peculiar  colour  of  the  star ;  so  that  the 
peculiar  colour  of  red,  orange,  or  green  stars  was  to  be  explained  by 
the  want  of  those  rays  necessary  to  make  white  light.  Sir  David 
mentioned  one  star  in  particular  (we  think  a  Herculis),  as  exhibiting 
this  peculiarity. 

Mr.  Eaton  Hodgkinson  made  a  communication,  "  On  the  mode 
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of  oondacting  Experiments  on  the  Resistance  of  Air." — Mr.  Hodg- 
kinson  said  that,  having  been  honoured  by  the  Association  with  a 
request  to  pursue  some  experiments  on  the  resistance  of  the  air,  he 
was  desirous  of  exhibiting  an  instrument  prepared  for  making  the 
first  series  of  these  experiments.  He  proposed,  in  the  first  instance, 
to  seek  for  the  force  of  the  wind  moving  at  different  velocities,  upon 
phuie  surfaces  of  given  dimensions,  these  surfaces  being  either  per- 
pendicukr,  or  inclined  at  any  angle,  to  its  current ;  to  determine 
this,  he  intended  to  place  the  apparatus  upon  the  front  of  the  first 
carriage  of  a  railway  train ;  the  road  along  which  the  train  passed 
having  for  a  short  distance  poles  stuck  up,  100  or  200  yards  asunder. 
He  would  try  the  experiment  only  on  days  when  there  was  no 
perceptible  wind ;  and  then,  if  the  time  in  seconds  taken  in  passing 
between  two  poles  be  carefully  observed,  and  the  pressure  indicated 
upon  the  discs  (which  were  of  two  and  of  four  feet  area,  both  round 
and  square),  the  resistance  per  square  fbot,  with  a  given  velocity, 
would  be  obtained.  He  hoped  to  determine  these  facts,  with  various 
velocities  and  at  different  angles  of  inclination  in  the  discs,  trying 
the  same  experiments  with  both  discs  at  the  same  time,  to  ascertain 
whether  the  resistance  to  a  square  surface  and  a  round  one  of  equal 
area,  was  the  same,  and  that  the  results  might  correct  each  other. 
The  directors  of  Uie  Manchester  and  Birmingham  Railway  had 
kindly  consented,  at  Mr.  Buck's  request,  to  allow  him  to  make  these 
experiments ;  and  he  was  indebted  to  Mr.  Fairbaim  for  the  appa- 
ratus. This  was  placed  on  the  table.  It  consists  of  two  discs  of 
wood  (which  may  be  of  any  form),  made  inclinable  at  any  angle,  by 
means  of  screws,  and  having  an  attached  quadrant  to  measure  the 
angle.  To  ascertain  the  force  of  the  wind,  one  of  Salter's  balance 
springs  is  placed  behind  each  disc,  attached  te  the  cross  piece  which 
connects  the  two  rods  of  the  discs ;  and  this  indicated  the  force  of 
the  wind  at  any  moment. 

Professor  Steveliy  inquired  whether  a  registering  pencil  was 
proposed,  as,  he  conceived,  if  not,  that  the  index  would  be  in  too 
constant  motion  to  be  observed  with  any  accuracy.  He  also  re- 
marked, that  a  conversation  had  taken  place  in  the  section  at  Ply- 
mouth on  this  subject,  and  Mr.  Phillips  proposed  to  avoid  the  neces- 
sity of  waiting  for  calm  days,  by  observing  both  when  the  train  was 
going  and  on  its  return,  and  that  thus,  the  effect  of  the  air's  own 
motion  would  disappear. — Mr.  Hodgkinson  did  not  think  a  register- 
ing pencil  would  be  required ;  but  if,  during  the  progress  of  the 
experiments,  he  found  Uiat  it  was  so,  he  would  adopt  it.  He  wished 
to  avoid,  if  he  could,  introducing  the  element  of  the  motion  of  the 
air  itself  at  all,  as,  from  the  irregularity  of  those  currents,  he  was 
not  sure  a  perfect  elimination  of  tibem  could  be  obtained. 

Mr.  Hoc^kinson  then  read  a  notice  of  his  **  Experimental  In- 
quiries on  the  strength  of  stones  and  other  materials." — ^Aiter 
noticing  the  present  state  of  knowledge  (we  might  say  of  compara- 
tive ignorance)  on  this  subject,  and  the  experiments  of  Barlow,. 


Meeting  ef  the  Britiih  AuoekUion, 


207 


Renme,  ind  of  experimentalists  on  the  continent,  Mr.  Hodgkinson 
said,  he  had  long  felt  anxious  to  ascertain  how  the  three  forces,  the 
crushing,  the  tensile,  and  the  transverse  strength,  and  the  position 
of  the  neutral  line  (that  separating  the  extended  and  compressed 
fibres  in  a  bent  body),  were  connected  in  bodies  generally :  and  his 
experiments  had  for  several  years  been  directed  to  discovering  ftcts 
upon  each  of  these  matters,  in  order  to  determine  the  question.  His 
experiments  some  years  ago,  made  for  the  British  Association,  with 
respect  to  the  values  of  hot  and  cold  blast  iron,  had  shown  that  the 
ratio  of  the  forces  of  ultimate  tension  and  compression  was  nearly  con- 
stant in  all  the  species  of  cast  iron ;  and  a  few  experiments  made  at 
that  time  on  sandstone  and  marble,  had  led  him  to  suspect  that  nearly 
the  same  would  be  the  case  in  these  and  other  hard  bodies.  Through 
the  liberality  of  his  friend  Mr.  Fairbaim  (who  had,  as  usual,  given 
him  every  assistance  his  establishment  afforded),  he  (Mr.  Hodgkinson) 
had  made  a  great  many  experiments  upon  wood,  sandstones,  mar- 
Ues,  glass,  slate,  ivory,  bone,  &c.,  to  ascertain  the  tensile,  crushing, 
4md  transverse  strength  of  each :  also,  as  far  as  possible,  the  situation 
of  the  neutral  line.  He  had  sought  for  these  in  thirteen  kinds  of 
timber,  including  oaks,  pines,  teak,  &c. ;  all  the  different  sorts  of 
experiments  were  made,  as  far  as  possible,  out  of  the  same  specimen 
in  each  case.  The  wood  was  of  good  quality,  and  perfectly  dry, 
having  been  chosen  for  this  purpose,  and  laid  in  a  warm  dry 
place  for  four  years  or  more.  After  describing  the  mode  and  cha- 
racter of  his  experiments  on  the  various  substances  named  above 
(specimens  of  which  he  produced),  Mr.  Hodgkinson  gave  the  follow- 
ing summary  of  their  comparative  results  on  marble  stones  of  various 
degrees  of  hardness : — 


I>«Mrlptton  of  Stone. 


Black  marble • . .  ^ 

Italian  marble 

Rochdale  flagstone 

High  Moor  stone 

Stone  called  Yorkshire  flag 

Stone  from  Little  Hulton,  near  Bolton 

Mean  rates 


Cnuhtof 

lOfOO  POP 

■qmro  uiob, 


TonaOo 
floffoo  por 


Snod  1,000.  ^'  '"^ 


1,000 
1,000 
1,000 
1,000 
1,000 
1,000 


1,000 


143 

84 
104 
100 

■  • 
70 


100 


•trength  of 
borllnoh 


Ifootlooff. 


10.1 

10.6 

0.9 

•  • 
9.5 
8.8 


9.8 


or  calling  the  mean  crushing  strength  per  square  inch,  in  the  differ- 
ent articles  experimented  upon,  l,000j  we  have, — 
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CnuUng  Btnngth,  1,000. 


Tensiltt 
strength. 


Transvene 
strength. 


Ratio  of  mean 

tensible  to 

crushing 

strength. 


In  timber  • . .  .^ 1,000 

Cast  iron    1,000 

Glass  (plate  and  crown)  . . .  .1,000 
Stone  and  marble 1,000 


1,900 
158 
123 
100 


85.1 
19.8 
10. 
9.8 


1  to  0.55 
1  „  6.6 
1  »  7.8 
1  ,,10.5,  or, 


8.9,  taking  the  hardest  only. 


The  ratio  of  the  crushing  force  to  the  transverse  force  is  nearly 
the  same  in  glass,  stone,  and  marble,  including  the  hardest  and 
the  softest  kinds.  Hence,  if  we  know  the  transverse  strength,  in 
any  of  these  bodies,  we  may  predict  the  other ;  and,  as  glass  and  the 
hardest  stones  resist  crushing  with  from  seven  to  nine  times  the 
energy  that  they  do  being  torn  asunder,  we  may  get  an  approximate 
value  of  the  tensile  force  from  the  crushing  force,  or  vice  versa. 
These  results  render  it  probable,  that  the  hardest  bodies,  whether  cast- 
iron,  glass,  stone,  or  marble,  admit  of  certain  atomic  displacements, 
either  in  tearing  asunder  or  crushing ;  these  displacements  being 
in  a  given  ratio  to  each  other,  or  nearly  so.  In  future  calculations 
as  to  the  strength  of  bodies,  the  crushing  strength  ought  to  be  made 
the  fundamental  datum,  for  the  reasons  shown  in  this  notice. 
The  ratio  of  the  transverse  strength  to  the  crushing  strength  is 
greater  in  cast-iron  than  in  glass,  marble,  and  sandstones,  arising 
from  the  ductility  of  that  metal.  The  necessity  of  enlarged  in- 
quiries in  these  matters  will  be  seen,  when  it  is  reflected  that  calcu- 
lations of  the  tensile  strength  of  cast-iron,  or  marble,  or  stones  in 
general,  made  from  the  transverse  strength  by  the  modes  used  by 
Tredgold,  Navier,  and  others,  give  the  tensile  strength  twice  or 
three  times  as  great  as  it  ought  to  be. 

The  President  observed,  that  Mr.  Hodgkinson  was  too  well 
known  to  the  members  of  the  Section  to  make  it  requisite  to  point 
out  his  peculiar  accuracy  and  success  as  an  experimental  inves- 
tigator; the  fact,  however,  that  he  had  been  last  year  awarded 
the  Royal  Medal  showed  the  value  which  the  Royal  Society  at- 
tached to  his  researches.  The  field  upon  whiich  he  had  now  ven- 
tured was  of  the  utmost  importance,  even  in  a  national  point  of 
view ;  since,  without  a  knowledge  of  the  strength  of  materials,  we 
could  not  hope  to  raise  durable  structures  without  waste :  we  could 
not  unite  stability  and  economy. — Mr.  Hodgkinson  thanked  the 
President  for  the  kind  terms  in  which  he  had  adverted  to  his  feeble 
exertions  in  the  cause  of  practical  science.  The  building  in  which 
they  were  assembled  was,  indeed,  an  exemphflcation  of  the  im- 
portance  of  the  reseaieheB  which  he  had  been  bringing  under  their 
notice ;  as  he  had  proved  to  the  Committee  of  the  House  of  Com- 
mons, that  the  cast-iron  pillars  on  which  it  stood  were,  by  one-half 
at  least,  too  strong  for  the  weight  they  were  called  on  to  support. 
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Mr.  John  Davies,  of  Manchester,  then  read  a  paper  *^  On  the 
Manufacture  and  Purification  of  Coal  Gas." — Besides  the  illumi- 
nating gases  obtained  by  the  distillation  of  coal,  other  gases  are  at 
the  same  time  evolved,  which  are  not  adapted  for  the  intended  pur- 
pose. These  gases  are  carbonic  acid  and  sulphuretted  hydrogen. 
The  latter  is  particularly  objectionable  both  from  its  offensive  odour, 
and  from  other  noxious  properties.  A  volatile  hydrocarbon  usually 
accompanies  the  coal  gas,  and  adds  materially  to  the  illuminating 
powers.  It  is  well  known  that  its  two  former  constituents  axe  re- 
moved from  coal  gas,  by  means  of  lime ;  but  if  the  purification  be 
carried  too  far,  die  hydrocarbon  is  also  removed.  Dr.  Ure  had 
shown  this  in  the  case  of  olefiant  gas,  and  Mr.  Davies  was  able  to 
testify  to  the  accuracy  of  his  experiments,  and  to  extend  the  remark 
to  other  hydrocarbons,  which  are  occasionally  evolved.  The  best 
means  of  avoiding  this  loss  of  illuminating  properties  is,  to  employ 
a  coal  containing  a  smaller  proportion  of  sulphur  than  usual.  Mr. 
Davies  then  adverted  to  Mr.  Phillips's  patent  for  removing  ammonia 
from  coal  gas,  by  passing  it  through  a  purifier  containing  a  solution 
of  alum.  He  had  found  it,  on  several  occasions,  perfectly  successful. 
He  then  adverted  to  the  origin  of  the  ammonia  obtained  in  the  dis- 
tillation of  coal.  He  did  not  think  that  the  quantity  of  nitrogen 
contained  in  coal  could  sufficiently  account  for  its  formation.  The 
analyses  of  Regnault  and  Richardson  have,  however,  shown  that 
nitrogen  is  contained  in  notable  quantity  in  all  kinds  of  coal. 

In  the  course  of  a  conversation  which  followed  this  paper,  Mr. 
Leigh,  of  Manchester  Gas  Works,  stated,  thai  as  much  as  two  ounces 
of  muriate  of  ammonia  exist  in  one  gallon  of  gas  water. — Mr.  West 
had  examined  many  specimens  of  coal,  and  had  never  met  one 
specimen  free  from  sulphur.  This  sulphur  was  not  always  in  com- 
bination with  iron. — Mr.  Blyth  mentioned  the  curious  fact,  that  in 
the  water  of  a  coal  mine,  which  he  had  lately  examined,  a  large 
amount  of  silicate  of  soda  existed. 

Dr.  Schunk  then  read  the  paper  **  On  the  Formation  of  Cyanuret 
of  Potassium  in  a  Blast  Furnace,"  by  Dr.  C.  Bromeis,  of  Cassell. — 
M.  Zincken  discovered  at  the  bottom  of  the  blast  furnace  at  Mag- 
desprung,  in  the  Hartz  Mountains,  a  mass  which  Dr.  Bromeis 
found  to  contain  ferro-cyanuret  of  potassium.  The  furnace,  from 
which  it  was  obtained,  had  been  fed  with  charcoal.  The  other  ingre- 
dients of  the  saline  mass  were,  caustic  potash,  carbonate,  silicate, 
and  manganate  of  potash,  together  with  a  large  portion  of  cyanate 
of  potash,  and  cyanuret  of  potassium.  It  is  probable  that  the  ferro- 
cyanuret  of  potassium  did  not  exist  ready-formed  in  the  mass,  but 
was  produced  after  dissolving  the  cyanuret  of  potassium  in  water. 
The  cyanite,  of  potash,  by  its  decomposition,  gives  rise  to  carbonate 
of  potash  and  ammonia.  Dr.  Bromeis  supposes  that  the  formation 
of  the  cyanogen  must  have  been  occasioned  in  the  following  manner  : 
— the  nitrogen  of  the  atmosphere,  being  exposed  to  a  great  pressure 
and  high  temperature,  combined  directly  with  the  carbon  of  the 
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carburet  of  potatsium,  prbdncing  diereby  cyanogen  and  cyanuret 
of  potassium.  This  explanation  accords  with  the  experiments  of 
Defosse. 

Mr.  Leigh  read  a  communication  **  On  a  new  product  obtained 
from  Coal  Naptha." — ^The  substance  described  was  obtained  in  the 
course  of  some  investigations  on  an  oil  which  Mr.  Leigh  discovered 
about  three  years  and  a  half  ago,  as  the  result  of  a  mixture  of  nitric 
and  sulphuric  acids  on  purifleid  coal  naptha*  In  their  behaviour 
with  potassa,  both  in  aqueous  and  alcoholic  solution,  the  crystals 
now  brought  under  the  notice  of  the  section  by  Mr.  Leigh  have 
much  analogy  with  the  oil  (like  that  of  bitter  almonds)  obtained 
at  the  same  time  with  them.  The  oil  when  extensively  exposed  to 
the  action  of  hydrogen,  becomes  a  crystalline  solid,  having  much 
the  same  appearance  as  these  crystals.  It  is  probable  the  crystals 
differ  from  Uie  oil  in  containing  a  quantity  of  oxygen.  Mr.  Leigh 
had  made  no  analyses  of  these  compounds. 

Mr.  Croft  read  the  next  paper,  "  On  Kakodylic  Acid,  and  the 
Sulphurets  of  Kakodyl,"  by  Professor  Bunsen,  of  Marburg. — In  the 
present  paper.  Professor  Bunsen  examines  the  higher  stages  of 
oxidation  of  kakodyl,  and  the  sulphurets  corresponding  to  them. 
He  finds  that,  by  the  oxidation  of  alkarsin,  either  by  the  direct 
action  of  the  air,  or  by  means  of  oxide  of  mercury,  kakodylic  acid 
is  formed ;  but  there  is  also  an  intermediate  oxide,  which  cannot  be 
obtained  in  a  state  of  purity,  which  seems  to  be  similar  to  the 
hyponitric  acid,  and  to  be  a  combination  of  kakodylic  acid  with  the 
oxide.  Kakodylic  add  crystallises  out  of  alcohol ;  its  composition 
is  C^  Hf  As^  O3  +  HO,  this  atom  of  water  being  constitutional, 
and  only  to  be  replaced  by  a  base  ;  it  is  soluble  in  water,  but  not  in 
ether.  A  very  remarkable  fact  with  respect  to  this  body  is,  that 
the  poisonous  properties  of  the  arsenic  seem  totally  annihilated ; 
eight  grains  administered  to  a  rabbit  exerted  no  poisonous  action. 
Kakodyl  combines  directly  with  sulphur,  forming  the  proto-sulphuret 
which  has  been  already  described.  This  compound  takes  up  another 
atom  of  sulphur,  and  produces  the  bisulphuret.  There  appears  also 
to  be  a  tersulphuret  analogous  to  kakodylic  acid ;  Professor  Bunsen 
has  not,  however,  been  able  to  obtain  it  in  a  pure  state.  From  the 
above  results,  it  appears,  that  kakodyl  is  precisely  similar  in  its 
behaviour  to  some  simple  metals,  and  the  formation  of  kakodylic 
acid  by  direct  oxidation,  is  in  exact  opposition  to  Dumas's  theory  of 
substitution. 

Dr.  Schunk  read  a  paper  "  On  the  compounds  of  Carbon  and 
Iron,'*  by  Dr.  C.  Bromeis. — Dr.  Bromeis  analyzed  various  kinds  of 
iron  by  burning  them  in  a  tube,  with  a  mixture  of  chromate  of  lead 
and  chlorate  of  potash.  The  combustion  is  conducted  exactly 
like  an  organic  analysis,  and  is  the  method  invented  by  Regnault. 
An  important  point  in  the  determination  of  the  carbon  in  iron,  is  to 
ascertain  the  proportion  of  carbon  in  a  state  of  combination,  in  con- 
tradisdnction  to  Uiat  which  is  mechanically  mixed  with  the  metal. 
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Dr.  Bromeis  effected  this  by  dissolving  the  mixture  in  muriatic 
acid ;  the  carbon,  in  chemical  combination,  unites  with  hydrogen, 
and  forms  carburetted  hydrogen,  while  the  carbon  in  mechanical 
mixture^  takes  no  part  in  the  action,  but  remains  unaffected,   and 
may  be  accurately  determined.     This  quantity  being  subtracted 
from  the  whole  carbon  obtained  by  combustion,  affords  a  means  of 
estimating   the  quantity  in  chemical  combination.     Dr.  Bromeis 
found  in  crystalline  white  cast  iron,  3*8  per  cent,  of  carbon.     But 
as  some  white  cast  iron  has  been  found  to  contain  4.2,  or  even  5.3 
per  cent.,  Dr.  Bromeis  considers  that  manganese  may  be  substi- 
tuted for  it ;  he  sometimes  found  as  much  as  7  per  cent,  of  this 
metal.     It  appears,  therefore,  that  neither  common  nor  white  cast 
iron  are  poly  carburets  of  determinate  constitution.     In  white  cast 
iron  Dr.  Bromeis  found  only  0.5  per  cent,  of  mechanically  com- 
bined carbon,  in  other  kinds  nearly  1  per  cent.,  and  in  grey  cast 
iron,  2.3  per  cent.     Hence  it  follows,  that  the  diemically  combined 
carbon  amounts  only  to  0.9  per  cent. :  Karston  found  0.85  per  cent.; 
east  steel,  according  to  Gay-Lussao  and  Wilson,  contains  0.93  per 
cent,  of  carbon.     Bromeis  found  in  hard  cast  steel  0.97  per  cent. 
Grey  cast  iron  may  be  considered  as  a  mixture  of  very  impure  cast 
steel  with  carbon.     This  may  possibly  be  the  cause  that  it  can  be  so 
easUy  hardened  on  the  surface. 

The  next  paper  was  by  Mr.  Richardson,  "  Contributions  to  the 
history  of  the  Magnesian  Limestones." — The  author,  consider- 
ing the  great  importance  of  the  magnesian  limestones,  both 
to  the  manufacturer  and  agriculturist,  conceived  that  an  account 
of  their  composition  might  prove  acceptable.  He  examined  the 
various  limestones  systematically,  according  to  the  excellent  arrange- 
ments of  Professor  Sedgwick,  and  coUected  the  results  of  his  analyses 
in  a  tabular  form.  The  insoluble  residue  of  the  specimens  subjected 
to  analysis,  contained,  in  every  case,  organic  matter.  The  analyses 
proved  a  very  great  variation  in  the  quantities  of  lime  and  magnesia ; 
a  fact  which  wfll  not  surprise  the  chemist  when  he  considers  that 
they  are  isomorphous,  and  therefore  capable  of  mutual  replacement. 
Mr.  Richardson  argued,  that  the  deposition  of  the  lime  and  magnesi* 
must  have  been  effected  simultaneously,  from  the  fact  of  layers  of 
limestone  existing  above  and  below  Uie  magnesian  limestones,  in 
which  layers  no  magnesia  can  be  detected.  He  was  inclined  ta 
ascribe  their  deposition  to  the  influx  of  waters  holding  chloride  of 
magnesia  in  solution,  which,  meeting  with  calcareous  matter  held 
in  solution  by  an  excess  of  carbonic  acid,  robbed  it  of  that  excess^ 
and  the  two  carbonates  of  lime  and  magnesia  fell  together. 

Dr.  Kane  remarked  that  Dr.  Apjohn  had  examined  some  Irish 
Dolomites  of  the  magnesian  limestones,  and  had  found  the  carbonates 
of  lime  and  magnesia  in  atomic  proportions.  Mr.  Croft  stated, 
that  he  had  observed  the  same  fact  in  analyzing  specimens  from 
Saxony  and  other  countries. 
Mr.  W.  Snow  Harris  then  made  a  Report  on  the  Meteorological 
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Observations  made  at  Plymouth  last  year.  He  stated  that,  at  the 
close  of  1842,  he  should  be  able  to  revise  (and  bring  to  the  next 
meeting  of  the  association)  the  results  of  the  series  of  meteorological 
observations  continued  hourly,  night  and  day,  without  material  in- 
terruption, during  ten  years.  He  now  submitted  only  a  general 
discussion  of  five  years'  observation  of  the  barometer,  during  the 
years  1837  to  1841,  both  inclusive,  and  some  observations  and  ex- 
periments on  the  wind,  made  with  Professor  Whewell's  anemometer. 
The  observations  were  made  at  a  height  of  seventy-five  feet  above  the 
level  of  the  sea,  and  were  produced  to  32°  Fahrenheit.  He  exhibited 
a  chart,  showing  the  lines  resulting  from  the  means  in  each  of  these 
years,  and  also  die  mean  of  the  whole  five  years,  and  noticed  the  sur- 
prising coincidence  in  the  general  character  of  all  these  lines,  and 
the  very  few  and  small  deviations  they  presented :  a  remarkable 
result,  considering  the  frequent  atmospheric  disturbances  to  which 
these  latitudes  are  liable.  The  mean  pressure  of  the  six  years  cor- 
responded with  that  already  obtained.  The  line  of  mean  pressure 
occurred  between  the  hours  of  1  and  2,  and  between  7  and  8  a.m., 
and  again  between  12  and  1,  and  between  6  and  7  p.m.  The  hourly 
maximum  pressure  was  at  ten  o'clock  morning  and  night,  being 
with  only  one  exception,  the  uniform  result  for  six  years.  The 
hourly  minimum  pressure  occurred  at  4  a.m.  and  p.m.,  being  the 
uniform  result  for  six  years,  without  any  exception.  The  line  of 
mean  pressure  was  crossed  four  times  in  the  twenty-four  hours ;  and 
thus  was  realized,  in  the  midst  of  atmospheric  disturbances  of  very 
considerable  amount,  that  effect,  termed  "  horary  oscillation,"  which 
was  first  observed  by  Baron  Humboldt,  in  tropical  climates.  Mr. 
Airy,  to  whom  these  observations  were  submitted,  seemed  to  think, 
that  but  little  more  could  be  effected  by  a  further  continuance  of 
them,  after  the  close  of  this  year.  There  had  been  48,000  hourly 
observations  on  the  atmospheric  pressure,  and  87,000  hourly  obser- 
vations on  the  temperature ;  and  he  trusted  these  would  not  be 
preserved  merely  in  the  fragile  form  of  MS.,  but  placed  at  the  dis- 
posal of  the  scientific  world.  After  explaining  the  construction  of 
Whewell's  anemmneter,  he  said,  that  when  the  pencil  tracing  the 
integral  effect  of  the  wind,  moved  at  the  rate  of  one-tenth  of  an  inch 
per  hour,  the  current  of  air  at  the  same  time  moved  at  a  mean 
rate  of  eleven  feet  per  second.  He  (Mr.  Harris)  had,  by  means  of 
this  instrument,  endeavoured  to  arrive  at  something  like  an  approxi- 
mation to  the  velocity  and  direction  of  what  he  believed  would 
amount  to  a  trade  wind.  He  had  a  table  of  results  which  gave  the 
mean  velocity  of  the  wind  (in  feet  per  second)  for  each  month  of  the 
year,  viz  : — 
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Feet  per  second. 

April 13 

May  12.6 

June 10.9 

July 9 

August 12.87 

September 15.42 


Feet  per  second. 

October 15.29 

November 14.96 

December 12.54 

January 12.76 

February 13.97 

March 14.63 


So  that  the  mean  velocity  of  the  wind  during  one  year  (leaving  the 
direction  out  of  the  account),  was  about  nine  mUes  per  hour.  If 
the  mean  velocities  arrived  at  in  this  table  were  diminijiied  and  made 
proportionate  to  the  whole  length  of  the  wind,  we  should  then  have 
something  like  a  general  idea  of  the  velocity  of  the  aerial  current  as 
deduced  from  observation  and  inquiry.  Then,  according  to  Mr. 
WhewelFs  method  of  taking  the  observations  (which  he  was  per- 
suaded was  the  only  true  method),  in  the  latitude  of  Plymouth, 
they  had  something  like  a  trade  wind,  setting  in  from  soudierly  to 
northerly  points  of  the  compass  at  a  mean  velocity  of  four  and  a  half 
to  six  nules  in  the  hour.  This  was  something  like  a  definite  result 
in  meteorology ;  for  no  person  before  had  ever  attempted  to  disco- 
ver the  direction  and  velocity  of  the  wind  in  its  rate  per  hour,  set- 
ting in  a  given  direction.  In  these  statements  he  had  been  dealing 
only  with  mean  results. 

Mr.  Howard  hoped  that  Mr.  Harris  would  not  think  of  discon- 
tinuing these  observations  until  at  least  the  cycle  of  eighteen  years 
had  been  completed. — ^Dr.  Scoresby  would  wish  that  observations 
with  the  anemometer  should  be  tried  on  the  sea,  in  order  to  get  rid 
of  the  friction  and  other  causes  of  retardation  which  affected  the 
current  of  air  over  the  land. — Col.  Sykes  believed  that  the  hours  of 
maximum  and  minimum  mean  pressure  observed  by  Mr.  Harris  at 
Plymouth,  would  be  found  nearly,  if  not  exactly,  the  same  as  those 
observed  in  India  at  an  elevation,  of  2,000  feet  above  the  sea,  and 
those  observed  in  Mexico  by  Humboldt,  10,000  feet  above  that 
level. — Col.  Sabine  said,  he  had  that  morning  received  a  very  im- 
portant letter  from  Prof.  Wheatstone,  which  had  been  laid  before 
the  Committee  of  the  Section,  and  which  they  wished  should  be 
communicated  to  the  Section  previous  to  being  transmitted  to  the 
Committee  of  Recommendations.  It  contained  a  proposal  to  make, 
for  the  Observatory  at  Kew,  an  apparatus  which  should  record  the 
operations  of  all  meteorological  instruments,  so  as  to  effect  a  great 
saving  of  cost.  One  of  the  instruments  was  for  measuring  the  force 
and  direction  of  the  wind,  and  was  capable  of  being  sent  up  in  cap- 
tive balloons,  so  that  the  currents,  to  a  height  of  8,000  or  10,000 
feet,  might  be  carefully  examined.  It  was  stated  in  the  letter  that, 
all  attempts  to  make  self-recording  thermometers,  barometers,  &c. 
by  mechanical  means  have  hitherto  failed,  because  the  mechanical 
force  exerted  by  the  rise  of  the  mercury  in  the  tubes  is  insufficient  to 
overcome  the  friction  of  the  attached  mechanism,  and  only  very  in- 
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accurate  indicatioDs  can  be  obtained.     The  principle^  howeyer»  ob*- 
aerves  Mr.  Wheatstone,  which  1  employ  in  my  meteorological  tele- 
graph, viz.  the  determination  (by  means  of  a  feeble  electric  current) 
of  any  required  mechanical  force,  by  the  mere  contact  of  the  mer- 
cury in  the  tube  with  a  fine  platina  wire,  enables  all  these  difficulties 
to  be  overcome.     *    *     I  propose,  therefore,  that  such  an  instru- 
ment,  the  cost  of  which  I  estimate  will  not  exceed  £50,  shall 
be  constructed  under  my  direction,  for  the  Richmond  Observa- 
tory.    If,  after  a  few  months'  trial  at  the  Observatory,  it  shall 
be  found  to  succeed,  as  I  confidently  expect  it  wiU,  a  great  im- 
pediment to    the    advancement   of   meteorological    science    will 
be  removed.    Persons  in  almost  every  locality  may  be  found  who 
would  not  object  to  devote  a  few  minutes  per  day  to  prepare  such 
an  instrument  for  use,  but  who  would  find  it  impossible  to  give  the 
requisite  attention  to  make  hourly  or  half-hourly  observations  them- 
selves.— Col.  Sabine  said,  Mr.  Bache,  of  Philadelphia,  has  requested 
me  to  explain  the  reasons  which  have  prevented  him  from  complet- 
ing the  Report  on  the  Meteorology  of  the  United  States,  which  has 
been  first  called  for,  and  which,  at  the  meeting  of  the  British  Asso- 
ciation at  Newcastle,  Mr.  Bache,  being  then  present,  was  requested 
to  prepare.     But  the  task  of  providing  funds  by  private  subscription 
in  the  United  States  for  the  support  of  the  system  of  magnetical  and 
meteorological  observations  recommended  by  the  association  (which 
is  elsewhere  provided  for  as  a  national  work)  has  been  undiertaken  by 
by  Mr.  Bache,  in  addition  to  that  of  superintending  its  establish- 
ment and  progress.     Being  thus  occupied,   Mr.  Bache  has  found 
himself  unable  to  devote  the  necessary  time  and  thought  to  the 
report. 

Mr.  Nasmyth  prefaced  his  paper  *'  On  the  Application  of  the  Law 
of  Definite  Proportions  to  the  Stratification  of  Clouds,"  with  the  re- 
mark, that  he  was  first  led  to  speculate  on  this  subject,  by  observing 
the  arrangement  of  clouds  in  fine  weather,  when,  towards  the  hori- 
zon particularly,  they  may  be  seen  extended  in  parallel  bands  or 
stripes.  He  conceiyed  that  the  excess  of  vapour  fioating  in  the  at- 
mosphere beyond  what  the  air  could  combine  with,  formed  clouds ; 
and  that  the  air,  in  each  electrical  state,  was  capable  of  sustaining  a 
definite  proportion  of  vapour,  and  consequently,  that  the  clouds  of 
one  class  or  description,  floated  (in  what  might  be  called  a  plane  of 
equal  electricity)  at  a  uniform  distance  from  the  earth. 

Prof.  Bessell,  Konigsberg,  made  a  communication  "  On  the  Astrono- 
mical Clock."  Having  ever  been  of  the  opinion,  that  that  indispen- 
sable instrument  to  the  astronomer,  the  transit  clock,  could  only 
acquire  perfection  if  the  pendulum,  separated  from  the  works,  were 
made  to  vibrate  in  equal  time,  whatever  the  temperature  and  die  arc 
might  be,  he  would  submit,  whether  the  expeditious  method  of  coin- 
cidences might  not  be  employed  for  checking  the  pendulum  in  both 
respects.  The  pendulum,  apart  from  the  clock,  being  suspended 
from  the  wall,  a    clock,  taken  out  of  its  case>   might  be  placed 
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before  it  at  a  distance  of  six  or  eight  feet :  ao  object  ^ass  three  or 
four  feet  focal  length,  might  be  placed  between  both,   so  as  to 
produce  exactly  at  the  lower  end  of  the  pendulum  of  the  dock 
an  image  of  the  lower  end  of  the  other  pendulum.    Then  the 
coincidences  of  both  might  be  accurately  observed  by  a  telescope 
placed  at  a  oonTcnient  distance.     Similar  contrivances  had  been  des- 
cribed in  an  account  of  some  pendulum  experiments  made  at  Konigs- 
betg ;  and  the  accuracy  of  the  method  was  such,  that  the  relative 
rate  of  both  pendulums  might  be  ascertained  with  sufficient  accuracy 
in  a  very  short  time :  in  from  ten  to  twenty  minutes.     The  rate  of 
the  pendulum  was  to  be  tried  at  different  temperatures,  being  placed 
in  a  box,  having  an  opening  at  the  lower  end  covered  wi&  glass, 
and  so  fastened  to  the  wall  that  the  pendulum  could  swing  within  it. 
In  the  construction  of  the  pendulum,  attention  should  be  paid  to  one 
thing,  which  seemed  to  have  been  much  overlooked.     It  often  hap- 
pened that  thermometers  affixed  to  the  top  and  bottom  of  a  dock  case 
did  not  agree,  whence  it  was  evident  that  the  compensation,  acting 
only  below,  would  not  compensate  for  the  variation  of  the  whole  rod. 
He  should  prefer,  on  this  account,  the  gridiron  to  the  mercurial  pen- 
dulum, espedaUy  if  the  rods  began  as  low  as  possible  below  the  point 
of  suspension,  and  were  carried  on  to  the  centre  of  gravity  of  the 
lens.     He  should  prefer  the  several  rods  to  be  of  equal  diameter,  and 
to  be  coated  uniformly.    Supposing  the  spring  perfectly  regulated^ 
as  wdl  with  respect  to  heat  as  the  arc,  only  one  cause  would  inter- 
fere with  regular  vibration  times.    This  was  the  effect  of  the  part  of 
the  dastidty  of  the  air  which  depends  on  the  variation  of  the  height 
of  the  barometer  ;  the  other  part  depending  upon  the  variations  of 
the  thermometer,  is  comprised  in  tlie  adjustment  for  the  compensa- 
tion for  heat    There  was  a  possibility  of  compensating  the  former, 
by  fastening  a  barometer  tabe  to  the  fMndulum,  and  it  would  not 
be  difficult  to  find  the  suitable  diameter  of  the  tube;  but  he  waa 
aware  that  this  complication  of  Ihe  pendulum  would  be  rather  in- 
convenient   At  all  events,  the  variations  of  the  barometer  were  not 
very  great,  especially  if  the  specific  gravity  of  the  pendulum  be  made 
as  great  as  possible.    He  sobmitled  these  hints  to  those  celebrated 
artists,  whose  works  had  greatlv  contributed  to  the  promotion  of 
astronomioJ  purposes,  and  the  aetermination  of  the  longitude. 

Sir  Thomas  Brisbane  said,  that  Dr.  Robinson,  of  Armagh,  had 
ascertained  that  a  variation  of  the  height  of  the  barometer,  amount- 
ing to  one  inch,  produced  a  difference  of  Q^Stl  per  diem  of  rate  in 
in  the  clock.  He  observed,  that  the  place  at  wnich  the  crutch  im- 
pelled the  pendulum,  was  a  matter  of  more  consequence  than  was 
usually  supposed. — Mr.  Dent  denied  that  comparisons  could  be 
safely  instituted  between  pendulums,  and  those  connected  with  the 
mechanism  of  a  clock. — In  reply  to  a  remark  made  by  Mr.  Clare, 
Professor  Stevelly  said,  that  cycloidal  motion  was  laid  aside  on  ac- 
count of  the  shifting  of  the  position  of  the  centre  of  oscillation  resuU- 
Ing  from  it  But,  be  thought,  the  discussion  of  compensations  was  too 
wide  a  departure  from  the  important  subject  brought  before  the 
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Section  by  Professor  Bessel. — Sir  John  Herschel  acknowledged 
the  justice  of  this  remark  The  question  before  the  Sectiou  was, 
whether  the  methods  proposed  really  compensated  for  the  unequal 
arcs  of  vibration  of  the  pendulum,  or  not.  Fortunately  the  method 
of  coincidences  reduced  the  labour  of  subjecting  this  to  the  test  of 
actual  trial :  that  which,  a  few  years  since,  would  have  required 
days,  or  even  months,  to  determine,  could,  by  this  method,  be  now 
ascertained  in  little  more  than  twenty  minutes. 

Mr.  FoUet  Osier  **  On  the  Application  of  the  Principle  of  the 
Vernier  to  the  Subdividing  of  Time." — Professor  Stevelly  said,  Mr* 
Osier's  idea  was,  to  have  a  pendulum  which  should  make,  say  ten 
swings,  in  the  time  that  the  principal  pendulum  made  eleven,  fur- 
nished  with  a  small  dial,  and  so  placed  that  the  coincidences,  or 
want  of  coincidence,  could  be  observed.  The  strokes  of  such  a 
pendulum  being  counted,  the  time  of  tyery  observed  stroke  of  it^ 
reckoned  back  from  its  coincidence  with  tne  principal,  or  seconds 
pendulum,  would,  it  is  obvious,  be  found  in  tenths  of  a  second. 

Sir  David  Brewster  then  made  a  communication  "  On  a  new  Pro- 
perty of  the  Rays  of  the  Spectrum,  with  Observations  on  the  Expla- 
nation of  it  given  by  the  Astronomer  Royal,  on  the  principles  of  the 
Undulatory  Theory." — If  we  cover  half  the  pupil  of  the  eye  with  a 
thin  plate  of  any  transparent  body,  and  thus  view  a  prismatic  spec- 
trum, so  that  the  rays  which  pass  by  the  plate  interfere  with  those 
which  pass  through  it,  the  spectrum  is  seen  crossed  with  beautiful 
black  and  nearly  equidistant  bands,  whose  breadth,  generally  speak- 
ing, increased  with  the  thinness  of  the  plate.  If  the  edge  dividing 
the  ray  were  directed  to  the  red  end  of  the  spectrum,  then  fringes 
were  seen ;  but  no  such  fringes  appeared  when  it  was  turned  to  the 
violet  end  of  the  spectrum.  One  peculiarity  of  these  fringes,  not 
before  noticed,  was  that  they  had  not  the  forms  of  bands,  but  rather 
the  appearance  of  screws,  or  dotted  black  lines,  or  as  if  they  were 
formed  by  the  shadow  of  a  plate  of  metal  perforated  by  small  open- 
ings. This,  which  appeared  to  be  a  new  property  of  light,  and  to 
indicate  a  polarity  in  the  simple  rays  of  light,  when  separated  from 
each  other  by  refraction,  he  nad  commented  on  at  the  meetings  of 
the  association  at  Liverpool  and  Bristol ;  and  Mr.  Airy,  the  Astro- 
nomer Royal,  had  given  a  paper  and  two  publications  on  the  sub- 
ject, in  which  he  endeavoured  to  account  for  this  upon  the  undu- 
latory theory,  arguing  that  the  appearance  and  magnitude  of  the 
fringe  depended  upon  the  diameter  of  the  pupil,  or  of  the  object- 
glass.  Sir  D.  Brewster  said,  he  had  repeated  all  his  experiments 
under  every  variety  of  form,  varying  the  diameter  of  the  pupil  from 
its  greatest  expansion  to  its  greatest  contraction,  and  the  cliameter 
of  the  object-glass  from  four  inches  to  a  quarter  of  an  inch,  and  the 
fringe  remained  utterly  unaffected  by  these  variations.  He  further 
found,  that  these  fringes  varied  in  magnitude  with  the  distance  of  the 
eye  from  the  refracting  body,  and  not  with  the  magnitude  of  the  pupil. 
He  stated  several  other  results,  all  of  which,  he  thought,  could  not  be 
explained  on  the  principles  of  the  undulatory  theory. 
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Sir  W.  Hamilton  observed,  that  the  wannest  advocate  of  the 
wave  theory  of  light  must  be  gratified  with  these  valuable  experi- 
ments of  Sir  David  Brewster ;  even  though  thej  should  require  the 
wave  theory,  in  its  present  form,  to  be  abandoned ;  and  yet  it  was 
probable  they  might  suggest  the  very  modifications  which  will 
adapt  it  to  the  enlargement  of  our  knowledge. — Sir  John  Herschel 
said  it  appeared  to  him,  that  the  wave  theory  was  now  placed  in  the 
same  position  in  which  gravitation  was  frequently  placed  in  its  in- 
fancy, when  diflSculties  arose  which  could  not  be  surmounted  in  the 
then  state  of  mathematical  knowledge.  As  soon  as  that  knowledge 
was  acquired,  the  theory  was  triumphant,  or  rather  it  was  rendered 
more  powerful  by  the  very  obstacles  which  it  had  been  found  capable 
of  surmounting.  The  undulatory  theory  had  already  achieved  so 
much,  and  even  gone  so  far  in  predicting  phenomena  quite  unlooked 
for,  as  in  the  extraordinary  phenomena  of  conical  refraction  dis- 
covered by  Professor  Lloyd  and  Sir  W.  Hamilton,  and  in  Fresners 
experiments,  by  which  circular  polarization  was  produced  artifi- 
cially, that  he  must  protest  against  putting  it  on  trial  for  life  or 
deatb  the  moment  a  new  fact  was  discovered  which  seemed  incon- 
sistent with  it.  The  facts  just  brought  forward  by  Sir  D.  Brewster 
were  mpst  extraordinary,  and  deserved  the  deepest  consideration ; 
but  it  was  necessary  to  suspend  our  judgment  until  further  inquiry, 
and  perhaps  new  facts,  threw  more  light  on  this  very  difficult  subject. 
The  screw-like  appearance  and  dotted  lines  described  by  Sir  D. 
Brewster,  appeared  to  be  one  of  the  most  extraordinary  facts  con- 
nected with  the  spectrum.  But  the  spectrum  might  be  said  to  be 
a  world  within  itself,  of  which  we  know  as  nothing,  compared  with 
what  remained  to  be  known. — Sir  D.  Brewster  did  not  wish  to  put 
the  undulatory  theory  on  its  trial  for  life  or  death,  but  upon  one 
count  of  the  indictment;  for  he  conceived  it  entirely  failed  in  ex- 
plaining those  facts  which  he  had  brought  before  the  Section. — 
rrof.  M'Cullagh  said,  we  as  yet  knew  so  little  of  the  undulatory 
theory,  that  it  would  be  premature  to  pronounce  that  it  either  could 
or  could  not  explain  every  fact.  It  had  long  been  his  settled  con- 
viction, that  it  would  be  a  foundation  for  physical  principles.  The 
only  physical  principle,  in  fact,  which  we  had  connected  with  it  was 
that  of  interference,  for  he  put  no  faith  in  Fresnel's  mechanical 
theory  of  refraction,  which  seemed  to  be  discovered  by  some  kind 
of  mathematical  deduction,  and  then  explained  by  principles  invented 
to  suit  it.  These  were  facts  which  he  had  long  thought  contra- 
dicted the  fundamental  principles  of  M.  Cauchy  as  expressed  in  his 
fundamental  equation.  The  well  known  fact  of  circular  polarization, 
he  conceived,  contradicted  it. — Prof.  Lloyd  agreed  with  Prof. 
M'Cullagh  on  the  importance  of  establishing  a  sufficiency  of  physi- 
cal principles,  but  he  could  not  admit  that  the  wave  theory  was  so 
destitute  of  them  as  Prof.  M'Cullagh  represented  it  Surely  there 
was  the  principle  of  transversal  undulations  discovered  by  Dr. 
Young. — Prof.  M'Cullagh  thought  that  was  rather  a  mathematical, 
than  a  physical  theory, but,  as  he  did  not  wish  to  differ  about  words. 
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he  would  admit  it—  Prof.  Lloyd  said,  it  eould  be  diatindly  con* 
ceived  as  a  physical  principle.  Bat  if  the  theory  was  so  destitute 
of  physical  principles,  surely  it  was  most  wonderful  that  it  was 
found  to  explain  completely  so  many  and  such  apparently  uncon^ 
nected  facts,  and  this,  he  conceived,  at  least  proved  its  parallelism 
with  truth. — Sir  W.  Hamilton  hoped  it  would  not  be  supposed  that 
the  wave  men  were  wavering,  or  that  the  undulatorv  theory  was  at 
all  undulatorv  in  their  minds.  The  true  practical  question  was, 
whether  the  dynamical  explanations  of  M.  Cauchy  had  a  physical 
foundation,  and,  on  that  subject  he  knew  no  better  authonty  than 
Prof.  M'Cnllaeh.  He  was  not  so  sanguine  as  to  hope  that,  at  a 
single  bound,  they  should  reach  the  physical  conceptions  connected 
with  so  subtle  an  element  as  light.  He  hoped  rrof.  M'Gnllagb 
would  publish  his  refutation  of  M.  Cauchy's  theory,  particularly 
as  it  related  to  circular  polarization. — The  president  said,  that 
however  difficult  and  abstruse  the  subject  was  which  had  been 
under  discussion,  the  Section  had  had  the  opportunity  of  hear- 
ing the  opinions  of  all  the  chief  promoters  of  the  science  of 
optics  in  modem  days.  We  were,  perhaps,  too  impatient  with 
reference  to  what  this  theory  would  or  would  not  explain.  We 
should  recollect  that  it  was  a  century  and  a  half  after  ^Newton'a 
publication  of  the  theory  of  universal  gravitation,  before  all  the 
problems  related  to  that  theory,  as,  for  instance,  the  problem  of 
three  bodies,  could  be  brought  entirely  under  its  dominion.  It  wa» 
not  more  than  filly  years  since  the  undulatory  theory  was  brought 
forward  as  anything  more  than  a  guess,  and  scarcely  twenty  since 
ks  principles  were  mathematically  followed  out  to  any  considerable 
extent. 

Sir  John  H'erschel  then  read  a  "  Report  on  the  great  co-operative 
system  of  Magnetic  and  Meteorological  Observations,"  which,  three 
or  four  years  ago,  was  commenced  at  the  instance  of  the  British 
Association.  After  noticing  the  vast  increase  of  the  surveys  and 
observations,  owing  to  the  number  of  foreign  establishments  entering 
into  the  concerted  plan,  the  Report  referred  to  the  Antarctic  expe- 
dition, taking  it  up  where  the  Report  of  last  year  left  it,  at  Hobart 
Town,  in  1840.  Captain  Ross  observed  the  November  term  (for 
observations)  in  1840,  at  the  Auckland  Islands.  On  leaving  those 
islands,  his  adopted  course  led  him  between  the  two  southern  mag- 
netic foci.  It  seems  probable  that  he  was  still  to  the  eastward  of  the 
present  locality  of  toe  greatest  intensity.  The  full  import  of  the 
observations  made  in  this  voyage  is  not  yet  known,  but  it  is  under- 
stood that  intensities  have  been  observed  by  Captain  Ross  2|  times 
greater  than  the  minimum  observed  by  him  near  St.  Helena,  on 
the  outward  voyage ;  and  that  the  general  aspect  of  the  intensity 
observations  would  appear  to  place  the  centre  of  the  principal  isody- 
namic  oval  in  a  latitude  somewhat  exceeding  (Ml^  south.  The 
nearest  approach  to  the  magnetic  pole  was  in  latitude  76^  13^,  long. 
164''  east,  the  dip  being  88""  40".  The  intensity  was  here  found  to 
be  less  than  in  47^  south.     The  Admiralty  (who  had  rendered 
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every  service  to  these  inquiries)  had  placed  under  the  care  of  Col. 
Sahine  the  observations  made  on  board  each  ship,  the  results  of 
which  were  most  satisfactory,  as  regarded  the  practicability  of  makin^^ 
accurate  observations  at  sea ;  for  out  of  647  observations  of  this 
kind,  made  between  London  and  the  Cape,  on  board  the  Erebus,  one 
only  had  been  declared  doubtful ;  while  the  observations  taken  by 
both  sliips  exhibited  a  steady  accordance,  that  could  not  be  acci- 
dental, and  might  well  be  called  beautiful.  From  these  it  would  ap- 
pear, if  earlier  observations  are  to  be  relied  on,  that  the  line  of  least 
intensity,  in  successive  meridians,  is  travelling  rapidly  northward. 
The  term  of  November,  1840,  had  been  kept  (by  Capt  Ross)  at  the 
Auckland  Islands ;  those  of  May  and  June,  1841,  at  Van  Diemen's 
Land ;  that  of  J  uly,  at  Sydney :  the  four  succeeding  terms  had  been 
kept  in  New  Zealand.  From"  a  letter  from  Capt  Ross,  dated  22nd 
November,  1841,  it  appeared  the  expedition  Was  to  sail  the  day  fol- 
lowing to  resume  the  invcstiga^on;  it  was  his  intention  to  traverse 
the  isodyuamical  oval,  surrounding  the  focus  of  greatest  intensity, 
supposed  to  be  in  lat  60°  south,  long.  236°  east,  commencing  in 
long.  210°,  and  lat.  52°  or  53°  south ;  and  steering  thence  directly 
to  the  edge  of  the  ice-pack,  to  make,  on  reaching  it,  for  the  point 
where  the  first  year's  exploration  of  the  new  continent  (of  Victoria) 
had  terminated,  and  to  pursue  that  barrier;  the  working  out  oi' 
which  intention  might,  of  course,  iuvolve  another  winter,  spent 
within  the  Antarctic  zone.  Should  it  be  otherwise,  we  might  expect 
ere  long  to  hear  of  his  arrival  at  Falkland  Islands ;  but,  in  the  other 
alternative,  another  year  would  elapse  without  any  further  tidings  of 
the  expedition.  As  to  Briiish  and  foreign  observaiories,  the  British 
and  Indian  siations,  except  that  at  Aden,  as  well  as  the  chief  conti- 
nental ones,  had  long  been  in  full  activity.  The  Russian  government 
has  been  pre-eminent  in  the  aid  given.  Supported  by  M.  Cancrin, 
Minister  of  Finance,  as  well  as  aided  by  the  funds  placed  at  his  dis- 
posal by  Prince  MentchikofT,  M.  Kupfier  had  brought  into  activity 
magnetic  observatories  at  Kasan,  Barnaoul,  Nertschinsk,  and  Ca- 
tharineberg.  He  had  also  effected  the  re^rection  of  observatories  at 
Tiflis  and  Nicolayeff,  and  the  erection  of  a  new  one  at  Moscow,  under 
the  care  of  Count  Strogonoff,  curator  of  the  university  of  that  city. 
These  operations,  conducted  by  every  European  power,  had  occu- 
pied much  time ;  the  original  term  granted  by  our  own  government 
and  the  East  India  Company  expired  in  the  current  year,  just  when 
the  arrangements  were  completea  over  a  great  portion  of  the  world, 
and  the  fruits  were  beginning  to  be  gathered  in.  Accordingly,  ap- 
plication was  made  to  government  by  the  President  and  Council  of 
the  Royal  Society,  for  Uieir  continuation  for  another  period  of  three 
years,  to  terminate  in  1845;  and  at  the  same  time  it  was  officially 
stated,  on  the  part  of  the  Russian  government,  that  the  observatories 
in  that  empire  should  be  kept  up  as  long  as  the  British  ones.  Baron 
Brunow  stating,  that  this  extension  was  the  shortest  term  adequate 
to  obtain  results  to  repay  the  outlay.  The  British  government 
gave  an  unhesitating  assent  to  the  continuation  of  the  present  scheme 
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for  three  additional  years.  For  this  new  period  the  past  had  been 
an  excellent  preparation ;  all  improvements  that  experience  could 
suggest  would  be  adopted ;  the  correction  for  the  temperature  of  the 
magnets,  which  is  found  to  be  the  most  important  of  all,  will  have 
been  determined.  But  the  past  had  not  been  merely  a  season  of 
preparation,  it  had  afforded  demonstrations  of  the  ubiquity  of  those 
singular  disturbances  called  magnetic  storms,  which  could  not  other- 
wise have  been  obtained,  and  data  for  the  revision  of  the  Gaus 
sian  theory.  As  to  magnetic  surveys,  in  South  Africa,  Lieut. 
Clarke,  R.A.,  had  joined  the  observatory  at  the  Cape,  as  assistant  to 
Capt.  Wilmot ;  and  it  was  proposed  that  the  survey  should  compre- 
hend, in  addition  to  the  colony,  as  extended  a  portion  oi  the  earth's 
surface,  from  the  observatory,  as  circumstances  would  permit  The 
Admiralty  had  instructed  the  Admiral  on  the  station  to  permit  the 
sea  portion  of  the  survey  to  be  carried  into  execution,  so  far  as  it  was 
not  prejudicial  to  the  service,  in  hftr  Majesty's  vessels,  and  these,, 
surveys  would  include  the  coast  on  each  side  the  Cape,  and  then 
we  should  be  better  able  to  judge  of  the  expediency  of  completing 
the  survey  by  an  expedition  into  the  interior.  In  North  America, 
Lieutenant  Lefroy,  R.A.,  had  been  appointed  to  the  principal  ob- 
servatory at  Toronto ;  aod  was  now  in  England  preparing  instru- 
ments. The  Hudson's  Bay  Company  had  liberally  undertaken  tQ 
furnish  conveyances  in  the  years  1843-4  and  1845,  to  extend  the 
surveys  to  the  Paci6c  Ocean  ;  and  they  also  made  an  offer  of  pas- 
sages on  board  their  annual  ships  to  England,  and  this  would  enable 
them  to  include  in  this  magnetic  survey  Hudson's  Bay  and  Straits. 
In  the  United  States,  Professor  Bache  (of  Philadelphia),  during  the 
last  summer,  had  completed  the  survey  of  Pennsylvania,  commenced 
in  the  previous  year,  including  three  series  of  observations:  the 
declination,  inclination  and  intensity.  Professor  Loomis  had  ex- 
tended his  observations  of  inclination  over  a  great  part  of  Ohio, 
Indiani,  Illinois,  and  Missouri.  These,  and  numerous  other  ob- 
servations and  surveys  in  the  States,  would  connect  the  northern 
British  survey  with  the  determinations  of  Capt.  Bamett,  of  the 
Thunder,  in  the  gulf  of  Mexico.  As  to  observations  at  sea,  by  Mr. 
Fox's  instrument,  the  inclination  and  dip  of  the  magnetic  intensity 
might  be  measured  with  all  tlie  precision  requisite  for  every  use  to 
which  observations  at  sea  could  be  turned,  for  the  purpose  of  tracing 
out  the  isodynamic  and  other  magnetic  curves  in  portions  of  the 
globe  covered  by  water.  To  extend  and  facilitate  the  use  of  this 
valuable  instrument,  the  set  of  instructions  drawn  op  by  Col.  Sa- 
bine had  been  printed  by  order  of  the  Admiralty,  as  a  general  cir- 
cular, with  some  statements  of  the  mode  of  using  it  practised  on 
board  the  Erebus  and  Terror ;  and  the  hope  was  expressed  that  this 
method  would  be  followed,  not  only  in  exploratory  voyages,  but  by 
ships  pursuing  ordinary  tracks,  so  as  to  furnish  data  for  complete 
magnetic  sea-charts.  For  these  important  observations,  as  well  as 
the  declination,  it  was  necessary  to  eliminate  the  influence  of  the 
ship's  iron  :  an  evil  increasing  from  the  greater  quantity  of  iron  now 
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used.  After  roentioaiDg  the  observations  of  Capt  Belcher,  of  the 
Sulphur,  on  more  than  twenty  islands  in  the  Pacific  seas,  which  had 
arrived  in  England,  and  would  be  published,  and  the  important 
ixssults  deduced  from  M.  Erman's  journey  in  Siberia,  the  report  no- 
ticed the  subject  of  magnetic  disturbances,  respecting  which  Gauss 
remarked,  that  one  of  the  results  of  this  great  British  enterprise  was 
that  the  existence  and  extension  of  these  disturbances  over  the 
whole  of  the  globe  had  been  ascertained.  As  a  physical  fact  deeply 
connected  with  the  general  causes  of  terrestrial  magnetism,  this  was 
indeed  a  result  of  the  first  magnitude ;  and  considering  all  the 
circumstances,  how  it  was  modified  by  distance  and  locality,  was 
eminently  calculated  to  lead  to  theoretical  truths.  It  distinguished 
what  was  local  from  what  was  general,  and  traced  individual  shocks 
from  observatory  to  observatory,  and  station  to  station,  till  they  were 
so  liar  enfeebled  as  to  be  confounded  and  masked  by  the  growing  in- 
fluence of  other  shocks  nearer  the  principal  point  of  observation. 
The  report  recommended  smaller  bars  than  those  now  in  u»e,  as 
more  easily  affected  by  sudden  shocks.  It  was  now  considered  ad- 
visable to  collect  from  all  sources  to  which  we  had  access,  accounts 
of  the  remarkable  disturbances,  beginning  with  1840  and  1841, 
arranging  them  in  chronological  order,  and  publishing  them  in  vo- 
lumes by  themselves,  and  the  first  volume  would  be  published  in  the 
course  of  this  summer.  «The  great  disturbance  of  the  2oth  of  Sep- 
tember, 1841,  which  was  observed  at  Greenwich,  and  was  immedi- 
ately made  the  subject  of  a  circular  from  the  Astronomer  Royal  to 
his  brother  observers,  was  also  observed  at  Toronto,  St.  Helena,  the 
Cape  of  Good  Hope,  and  Trevandrum  in  Travancore.  All  these 
arrived  in  time  to  be  inserted  in  the  volume  for  1641 ;  and  surely  it 
must  be  regarded  as  a  remarkable  fact,  that  this  casual  phenomenon 
was  seized  upon  by  our  observers  in  Europe,  Asia,  Africa,  and  Ame- 
rica, reported  thence  to  England,  reduced  and  printed  in  three 
months  and  one  week  after  its  occurrence  t  **  tantum  series  junctu- 
raqne  pollet.''  The  returns  from  the  diffeient  stations  showed  that 
these  disturbances  were  general ;  that,  though  the  movements  in- 
dividually might  not  be,  and  in  fact  were  not,  always  simulta- 
neous, the  observations  on  the  same  day  never  failed  to  exhibit 
unusual  discordances  at  all  the  stations,  and  were  generally  cha- 
racterised by  the  diminution  more  or  less  of  the  horizontal  in- 
tensity, prevailing  more  or  less  for  several  hours  everywhere, 
and  the  movement  of  the  north  end  of  the  needle  towards  the 
west.  Besides  the  colonial  observatories,  these  phenomena  were 
watched  with  great  attention  at  the  observatories  of  Prague,  Munich, 
and  Greenwich.  The  report  next  noticed  the  new  magnetic  instru- 
ments and  modes  of  observation.  We  can  only  enumerate  the 
former,  viz.  the  transportable  magnetometer.  Dr.  Lloyd's  induction 
inclinometer,  Weber's  inductive  inclinometer,  and  another  method 
proposed  by  Dr.  Lamont.  The  report  next  enumerated  the  publi-> 
cation  of  various  magnetic  observations.  The  only  expense  incurred 
by  the  Association  during  the  year,  was  £lO  18s.  lOd.,  for  observa- 
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tory  registers,  and  the  committee  prayed  a  continuance  of  their 
grant.  Sir  John  Herschel  stated,  that  the  committee  for  revising 
the  nomenclature  of  the  stars  deferred  reporting  till  the  catalogue  of 
stars,  now  in  preparation  under  the  auspices  of  the  Astronomical 
Society,  was  ready  for  puhlication ;  and  that  the  committee  for  the 
reduction  of  meteorological  observations,  in  consequence  of  the  ill- 
ness of  Mr.  Birt,had  been  unable  to  make  any  considerable  progress. 

The  Rev.  Dr.  Scoresby,  "  On  Improved  Permanent  Magnets,  and 
the  Modes  of  determining  their  Powers,  with  certain  undescribed 
Phenomena  in  Permanent  Magnets/' — Dr.  Scoresby  exhibited  a 
powerful,  though  moderately  sized  magnet,  as  a  proof  of  the  practical 
nature  of  his  researches ;  and,  ailer  some  explanations  respecting  the 
quality  and  temper  of  the  metal  in  magnetized  bars,  he  stated,  that 
when  his  Researches  (now  in  the  press)  on  the  Magnetic  Power  of 
the  yarious  denominations  of  Steel,  &c.,  shall  be  completed,  he  will 
be  able  to  determine,  at  once,  and  unequivocally,  the  proper  kind 
and  temper  of  steel,  suited  to  a  needle  of  any  given  size,  and  for  any 
specific  purpose. 

Prof.  Lloyd  said,  that  Dr.  Lamont,  of  Munich,  was  following,  out 
a  similar  course  pf  inyestigation.  M.  Nobili  had  endeavoured  to 
ascertain  the  constitution  of  permanent  magnets. 

CoLSykes  "On  the  Meteorology  of  the  Province  of  Coorg  in  the 
Western  G4ts  of  India." — ^The  capital  of  Coorg  stands  at  an  absolute 
elevation  of  4,500  feet,  and  the  barometrical  observations  made 
there  show  the  same  hoary  variation  or  semi-diurnal  oscillation  of 
the  atmosphere  which  Humboldt  had  observed  in  South  America, 
Col.  Sykes  in  the  Deccan,  Col.  Sabine  on  the  coast  of  Africa,  and 
which  did  not  wholly  disappear,  though  it  diminished  in  amount, 
and  became  hard  to  detect  amid  increasing  irregularities,  in  high 
latitudes. 

Mr.  Luke  Howard  produced  a  chart  exhibiting,  in  curves,  the 
chief  meteorological  changes  observed  by  him  during  a  cycle  of 
eighteen  years.  The  results  of  these  observations  will  be  found  de- 
veloped and  explained  in  his  work  on  the  climate  of  London. 

A  letter  from  Dr.  Lamont,  director  at  the  Observatory  at  Munich, 
was  read,  stating  the  names  of  a  great  number  of  professors  in  Ger- 
many, France,  Italy,  &c.,  who  were  aiding  in  making  meteorological 
observations  (commenced  seven  months  ago),  so  as  to  present  a  com- 
plete series,  extending  over  the  vast  tract  of  country  between  the 
Pyrenees  and  the  Russian  frontiers.  The  results  are  published  in 
the  Annalenfiir  Meteoroiogie,  Sfc. 

Sir  D.  Brewster  made  a  communication  "  On  the  Dichroism  of 
the  Palladio-chlorides  of  Potassium  and  Ammonium." — Dr.  Wol- 
laston  had  found  that  a  long  crystal  of  either  of  these  salts,  when 
looked  through  transversely,  had  a  green  colour,  but  when  looked 
through  from  either  end,  had  a  red  colour;  and  he  (Sir  D.  Brewster) 
placed  one  of  these  long  crystals  transversely  over  another,  in  a  cru- 
ciform shape,  and  then  found  that  those  portions  of  the  centres  of 
both,  which  were  in  contact,  gave  a  red  colour,  while  all  the  ends  of 
the  crystals  were  green. 
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The  President  then  said  that  a  letter  had  been  placed  in  his  hands 
from  Professor  Marianini*  in  Italian,  which  he  had  undertaken  to 
translate  fpr  the  Section;  but  the  heavy  duties  which  devolved  upon 
him  during  the  week  completely  prevented  him.  It  contained  a 
communication  "  On  the  Magnetic  Action  of  Instantaneous  Cur- 
rents of  Electricity/' 

(To  he  continued). 
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(Continued  from  page  90.^  • 
PART  in. 

Concerning  some  Meteorological  Phenomena,  to  the  better  knowledge 
of  which  it  may  lead  as  an  Aerial  Electroscope. 

When,  in  our  researches,  we  have  in  view  some  great  and  determined 
object,  we  are  not  only  more  assiduous  in  our  endeavours  to  approach 
it,  but  more  attentive  not  to  be  misled  in  the  road,  and  less  disposed 
to  be  satis6ed  with  mere  surmises,  while  we  perceive  that  some  real 
discovery  may  be  obtained  by  more  circumspection.  I  shall  there- 
fore explain  first,  why  every  new  electric  phenomenon,  which  we 
encounter  in  the  course  of  our  experiments,  must  be  attentively 
pursued  and  analysed  in  itself,  and  not  connected  with  gratuitous 
hypotheses,  for  fear  of  losing  a  thread,  which  might  lead  us  in  the 
labyrinth  of  the  physical  causes  acting  on  our  Rlobe,  among  which 
the  electric  fluid  holds  a  high  rank  ;  as  will  appear  by  the  following 
great  object  concerning  this  fluid,  on  which  natural  philosophers 
have  not  yet  sufficiently  fixed  their  attention,  though  it  is  explained 
in  my  former  works. 

It  is  commonly  supposed  that  the  electric  fluid,  which  under  the 
form  of  lightning  darts  from  certain  clouds,  existed  previously  in 
them,  ready  to  be  discharged  at  a  proper  distance  on  bodies  which 
possess  less  of  this  fluid,  either  other  clouds  or  the  ground.  On  this 
idea,  not  improbable  at  first  sight.  Dr.  Franklin  founded  his  inven- 
tion of  poiqted  conductors  elevated  above  houses,  in  hopes  to  pre- 
serve the  latter  from  being  struck  by  thunderbolts.  With  the  above 
supposition,  this  method  of  security  was  very  ingenious;  for,  if  the 
electric  fluid  were  actually  accumulated  in  a  cloud,  ready  to  be  dis- 
charged on  the  first  part  of  the  ground  sufficiently  elevated,  a  pointed 
conductor  might  discharge  that  cloud  without  a  spark,  as  it^does  the 
the  prime  conductor  of  an  electric  machine.  But  those  who  have 
frequently  travelled  on  high  mountains  know  certainly,  that  there  is 
no  analogy  between  a  thunder  cloud,  and  an  insulated  body  on  which 
electric  fluid  has  been  accumulated. 

A  cloud  is  a  mere  thick  fog,  and  thus  such  a  completely  con- 
ducting medium,  that  the  most  powerful  electric  machine  worked  in 
it  could  not,  for  an  instant,  accumulate  the  electric  fluid  on  its  prime 
conductor  ;  it  would  be  constantly  diffused  through  that  moist  air, 
and  lost  in  the  surrounding  bodies.  This  cannot  be  doubted;  but 
p2 
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it  IS  supposed,  that  clouds,  being  surroanded  by  pare  air»  and  thus 
insalaiea,  can  retain  the  electric  fhiid  accumulated  in  them  by  what- 
ever cause.  In  this  consists  the  illusion,  dissipated  by  what  is  ob- 
served on  mountains.  I  have  frequently  been  in  valleys  of  the  Alps, 
and  of  lower  moontaias,  beset  with  thunder  clouds  leaning  on  both 
sides  against  wet  grounds,  and  thus  in  so  complete  a  conducting 
connexion  with  the  mountains  themselves,  that  it  was  impossible  any 
accumulation  of  electric  fluid  could  remain  in  the  former ;  beside 
which,  no  cause  of  such  an  accumulation  has  ever  been  explained : 
however,  flashes  of  lightning  were  emitte<l  from  these  clouds,  with 
greater  or  smaller  intervals,  followed  by  the  astonishing  phenome- 
non of  the  rolling  of  thunder ;  and  to  suppose  this  to  be  the  repeti- 
tion of  one  sound,  by  echoes  from  cloud  to  cloud,  is  a  Action  similar 
to  that  of  poets  or  painters,  who  represent  the  gods  as  as  sitting  on 
these  fogs. 

Lightning  and  thunder,  when  considered  in  their  true  nature,  and 
with  all  their  associated  circumstances,  though  they  are  the  most 
striking,  have  remained  till  now  the  most  obscure  of  the  atmospheric 
phenomena ;  and  as  at  the  same  time  their  production  is  evidently 
connected  with  all  the  causes  acting  in  the  atmosphere,  that  great 
laboratory  of  nature  on  our  globe,  beginnin^i:  from  the  very  forma« 
tion  of  clouds,  this  obscurity  is  spread  over  all  the  terrestrial  pheno- 
mena. It  is  certain,  by  what  I  have  above  explained,  that  an  instant 
before  a  flash  of  lightning  strikes  our  eyes,  no  accumulation  of 
electric  fluid  could  have  existed  in  clouds  leaning  against  wet 
grounds :  the  sudden  manifestation  of  this  enormous  quantity  of 
electric  fluid,  not  existing  before  as  such,  must  therefore  be  the 
consequence  of  some  chemical  operation,  depending  on  some  new 
cause,  which  either  disengages  it  from  some  combination,  or  generates 
it  by  some  composition ;  and  being  thus  instantly  set  free,  it  rushes 
in  a  torrent,  before  it  can  be  diffused  in  the  cloud  and  through  this 
in  the  ground.  Besides  tliis  immediate  consequence  of  the  certain 
fact,  that  the  quantity  of  electric  fluid  thus  emitted  did  not,  tlie 
instanj:  before,  exist  as  disengaged  in  the  cloud,  various  other  pheno- 
mena attending  this  effect,  prove  the  existence  of  some  great  suc- 
cessive chemical  processes,  manifested  principally  by  the  successive 
detonations  forming  what  is  called  the  rolling  of  thunder;  tliese 
are  undoubtedly  produced  by  concomitant  decompositions  and  re- 
compositions  of  still  unknown  atmospheric  fluids,  some  producing 
the  decomposition  of  the  air  itself,  others  proceeding  from  this  first 
operation,  as  shall  be  explained  hereafter. 

This  is  one  of  the  $:reatest  objects  that  could  be  offered  to  the 
attention  of  natural  philosophers :  for  it  must  strike  them,  that  no 
system  on  the  nature  of  air  and  water  can  have  any  solidity,  if  it 
happens  to  be  in  opposition  to  these  grand  effects  produced,  under 
our  inspection,  in  the  great  Uboratory  of  nature :  and  though  our 
observation  has  not  yet  extended  to  all  the  atmospheric  phenomena 
necessary  to  be  embraced  for  the  discovery  of  their  specific  causes, 
yet  it  is  sufficiently  advanced  to  indicate,  according  to  general 
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known  laws,  these  decompositions  and  recompositions  of  atmospheric 
air,  as  being  a  fluid  nit  generis,  and  not  a  mixture  of  two  aeriform 
fluids,  difiering  in  their  nature,  as  has  been  concluded  from  specious 
pheuomena  produced  in  our  experiments ;  but  these  phenomena  1 
have  explained  in  my  works,  without  supposing  such  a  mixture,  in 
itself  contrary  to  a  number  of  atmospheric  phenomena.  This  1 
shall  here  successively  explain,  though  not  witn  so  many  particulars 
•as  are  contained  in  my  works. 

Rain  will  be  my  first  object ;  and  indeed  it  ought  to  be  so  in 
every  general  system  of  chemistry,  since  no  phenomenon,  either 
spontaneous  or  artificially  produced,  is  more  connected  with  the 
manifestation  of  water  in  the  modifications  of  expansible  fluids ;  and 
none  certainly  is  attended  with  greater  consequences  on  our  globe. 
With  a  view  of  supporting  the  new  hypothesis  of  a  certain  composi- 
tion of  water,  from  which  and  its  associate  hypothesis  of  two  distinct 
and  defined  aeriform  fluids  in  the  atmosphere,  rain,  so  common  a 

Ehenomenon,  cannot  be  explained,  the  ancient  and  already  exploded 
ypothesis  of  M.  Le  Rov»  of  evaporation  being  a  dissolution  of 
water  by  air,  has  been  revived.  This  hypothesis,  the  only  apparent 
resource  of  the  modern  theory  of  chemistry,  was  plausible  at  the 
time  of  its  first  publication,  about  sixty  years  ago,  when  meteorolo- 
gical observations  were  very  little  advanced ;  because  it  is  certain, 
that  evaporation  restores,  upon  the  whole,  to  the  atmosphere,  the 
same  quantity  of  water  as  falls  from  it  in  rain,  dew,  and  other  aqueous 
meteors :  but  from  a  number  of  well  determined  phenomena,  dis- 
covered by  the  progress  of  observation,  this  compensation  is  not 
immediate :  that  water,  which  ascends  in  the  atmosphere  by  evapo- 
ration, passes  through  an  intermediate  state,  undergoing  a  chemical 
transmutation,  which  makes  it  disappear  to  all  our  tests,  sometimes 
for  many  montlis,  it  being  then  transformed  into  an  aeriform  fluid ; 
and  it  must  be  by  some  inverse  operation,  that,  all  at  once,  clouds, 
rain,  and  the  other  concomitant  phenomena  are  produced.  I  shall 
show  hereafter  how  unfounded,  as  well  as  useless,  is  an  hypothesis 
imagined  for  evading  the  consequences  of  these  phenomena,  which 
I  have  opposed  to  tiie  new  theory  of  chemistry ;  but  first,  I  must 
proceed  farther  in  the  account  of  the  phenomena  themselves. 

The  above  consequences  may  be  deduced  from  the  most  common 
atmospheric  phenomena,  even  when  only  viewed  from  the  plain,  pro- 
vided they  are  observed  in  all  their  consequences ;  but  it  is  on  high 
mountains,  the  very  region  of  meteors,  that,  from  other  circum- 
stances not  perceptible  in  lower  situations,  the  observer  is  induced  to 
wish  for  more  knowledge  in  the  astonishing  operations  performed  in 
this  laboratory.  Such  has  been  the  case  with  M.  de  Saussure  and 
myself,  on  account  of  our  freouent  visits  to  the  mountains  of  our 
native  country,  for  the  geological  pursuits  in  which  we  were  en- 
gaged at  the  same  time.  The  surprising  phenomena  concerning 
moisture,  which  we  observed  in  these  high  regions  of  the  air,  led  us 
separately  to  the  pursuit  and  constniction  of  our  respective  hygro- 
meters ;  in  order  to  understand,  by  experiments  and  observations  with 
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this  instrument,  in  what  really  consists  moisture  in  the  atmosphere ; 
and  to  follow  certain  of  its  modifications,  as  its  sudden  increase  and 
diminution  without  perceptible  cause:  a  knowledge  which, if  not 
leading  to  immediate  discoveries  on  the  other  atmospheric  opera* 
tioiis,  might  at  least  clear  the  way  to  these  discoveries  by  dispelling 
and  preventing  errors. 

When  our  experiments  and  observations  were  first  published,  they 
attracted  much  the  attention  of  natural  philosophers ;  but  by  de- 
grees they  have  been  forgotten,  from  the  increasing  prevalence  of 
the  hypothesis  of  a  composition  of  water  to  which  they  were  op- 
posed, in  consequence  of  their  connexion  with  the  most  common 
meteorological  phenomena;  an  opposition  explained  even  before 
this  hypothesis  was  so  much  relied  upon  as  to  efiect  a  change  in  the 
whole  nomenclature  and  language  of  chemistry. 

This  inattention,  for  a  time^  to  real  and  important  discoveries,  an 
effect  occasioned  by  prevailing  prejudices,  is  observed  under  various 
forms  in  the  history  of  sciences ;  but  there  it  is  seen  also,  that  an 
obstacle  of  this  nature  could  not  be  perpetual,  and  it  may  be  ex- 
pected, that  it  will  not  be  so  in  this  case ;  therefore  1  shall  here 
assemble  some  uncontroverted  results  of  observation  and  experience, 
for  the  consideration  of  natural  philosophers. 

Article  I.  Evaporation,  the  original  source  of  atmospheric  phe- 
'nomena,  is  not  a  dissolution  of  water  by  air,*as  is  now  so  commonly 
assumed;  air  has  no  share  in  it.  The  immediate  product  of 
evaporation  in  all  its  stages,  from  the  formation  of  steam  by  boiling 
water,  down  to  the  evaporation  of  ice  in  winter,  is  constantly  and 
uniformly  an  expansible  fluid,  composed  of  water  and  fire,  namely 
the  aqueous  vapour.  This  fluid,  in  whatever  temperature  it  is  pro- 
duced, acts  by  pressure,  in  the  same  manner  as  the  aeriform  fluids, 
and  in  particular  on  the  manometer,  from  the  instant  of  its  production, 
as  long  as  it  subsists ;  and  the  quantity  of  its  production,  attended 
with  a  proportional  pressure,  is  the  same  in  vacuo  as  in  air,  at  its 
different  maxima  correspondent  to  each  degree  of  temperature ;  a 
direct  proof  that  air  has  not  the  smallest  share  in  evaporation. 
Lastly,  as  long  as  this  fluid  subsists  without  any  change  in  its  na- 
ture, it  never  ceases  to  act  upon  the  hygrometer,  and  its  quantity  is 
exactly  measured  by  this  instrument,  with  the  addition  of  the  ther- 
mometer. I  have  proved  these  assertions  by  the  union  of  M.  de 
Saussure's  experiments  and  mine,  in  some  papers  published  in  the 
PhiL  Trans,  of  1793.  It  is  evident,  that,  if  these  be  real  facts,  the 
resource  of  the  new  theory  of  chemistry  for  explaining  rain  is  over- 
turned (as  will  be  seen  hereafter),  and  with  it  the  theory  itself;  what 
then  is  the  reason,  that  those,  who  still  maintain  it,  remain  silent  on 
these  facts  P  On  this  however  rests  (and  will  continue  to  rest  till  the 
contrary  be  proved  by  direct  experiments)  the  whole  of  meteorology. 
Art-  II.  Both  M.  de  Saussure  and  myself  have  determined,  by 
direct  experiments  related  in  our  respective  works,  as  I  shall  more 
particularly  express  hereafter,  the  quantities  of  evaporated  water 
contained  in  one  cubic  foot  of  air  correspondent  to  every  degree  of 
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our  hygrometers,  at  every  t4*mperalure;  aud  we  have  proved,  that 
the  maximum  of  this  water,  a  quanlity  6xed  for  every  temperature, 
cannot  be  exceeded,  either  by  the  increase  of  water  in  tne  8ame 
space,  or  by  the  diminution  of  heat  with  the  same  quantity  of  this 
water,  without  some  of  the  aqueous  vapour  being  decomposed,  aud 
water  making  its  appearance  by  precipatatiou :  and  by  my  experi- 
ments it  is  moreover  demonstrated,  that  no  length  of  time  after  the 
production  of  this  fluid,  can  prevent  either  its  effect  on  th^  hygro- 
meter, or  its  remaining  submitted  in  the  same  manner  to  the  influence 
of  temperature. 

Art,  111.  The  aqueous  vapour,  Le,,  the  immediate  product  of 
evaporation,  is  therefore  never  concealed  in  the  atmosphere ;  and 
its  quantity,  in  any  part  of  the  latter,  can  always  be  determined  by 
the  observation  of  the  hygrometer  and  the  thermometer.  This 
fluid,  produced  by  the  evaporation  that  never  ceases  on  tlie  surface 
of  the  water  aud  of  the  land,  being  of  a  speciflc  gravity  less  than  that 
of  air,  constantly  ascends  in  the  atmosphere,  passing  tjirough  its 
lower  regions,  where  we  do  not  find  that  it  remains ;  it  ought,  there- 
fore, to  accumulate  in  the  higher  parts.  Now,  as  we  ascend  on ' 
mountains,  the  hygrometer  indicates  less  and  less  evaporated  water 
in  the  transparent  air.  I  shall  soon  answer  the  hypothesis  already 
mentioned,  as  having  been  imagined  for  setting  aside  the  conclusion 
which  I  have  deduced  from  this  phenomenon,  namely,  a  transmutation 
of  the  aqueous  vapour  into  atmospheric  air ;  a  conclusion,  however, 
which  will  be  found  the  ultimate  result  of  this  series  of  facts 

Art,  IV.  Another  phenomenon,  which  M.  de  Saussure  and  my- 
self have  observed,  proves  that  dryness  is  still  greater  in  the  region 
of  the  atmosphere  above  the  highest  mountains,  where  it  was  natural 
to  suppose,  and  1  supposed  it  at  first,  that  the  aqueous  vapour  was 
accumulating.  On  plains  and  small  hills,  moisture  is  increasing  in 
the  air  ailer  sunset ;  and  before  we  possessed  our  hygrometers,  we 
had  reason  to  suppose  that  it  was  the  same  upon  high  mountains,  for 
there  also  the  grass  becomes  wet  This  being  the  first  common 
symptom  of  moisture  observed  after  sunset,  and  even  before,  was  one 
of  the  arguments  in  favour  of  the  idea  that  dew  proceeds  from  the 
ground ;  but  the  hygrometer,  that  neglected  instrument,  has  shown 
it  to  be  a  phenomenon  belonging  to  the  physiology  of  plants,  and  not 
to  meteorology^  On  high  mountains,  while  the  grass  on  the  ground 
becomes  wet,  the  hygrometer  being  suspended  at  some  height 
above  the  ground,  in  some  insulated  spot  where  the  air  is  free, 
shows  an  increase  of  dryness,  which  continues  during  the  night 
I  have  determined  the  cause  of  this  phenomenon  by  immmediate 
observations ;  it  proceeds  from  the  condensation  of  the  columns  ot 
air,  while  the  heat  diminishes  in  them ;  whence  results  that  the  part 
of  that  air  which,  during  the  day,  rested  on  the  summits  of  moun- 
tains, descending  lower,  is  followed  by  the  air  which  was  higher 
before ;  and  this,  as  long  as  the  condensation  continues  in  the  lower 
parts,  descending  from  higher  regions,  and  thus  passing  over  the 
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summits  in  its  way  downwards,  is  found,  in  an  increasing  degree* 
drier  than  that  which  rested  on  them  in  Uie  day. 

Art.  V.  Among  the  atmospheric  phenomena,  that  of  dew,  com- 
monly considered  as  very  simple,  has  been  long,  and  is  slill  now,  an 
object  of  controversy  among  natural  philosophers  who  have  not  at- 
tended to  the  latest  experiments  and  observations.  The  first  and 
most  plausible  explanation  was,  that  the  dew  descended  from  the  air 
by  the  condensation  of  the  evaporated  water  spread  in  it,  when  heat 
diminishes;  but  some  experimental  philosopher,  finding  that  this 
cause  was  not  sufficient  lo  explain  all  the  circumstances  of  dew,  con- 
ceived the  idea,  which  I  have  above  mentioned,  that  it  ascends  from 
the  ground,  because  this  retains  longer  the  heat  of  the  day  than  the 
air  above  it,  which  circumstance  was  considered  as  increasing  evapo- 
ration; both  parties  alleging  in  support  of  their  opinion  certain 
facts  which,  though  not  denied,  were  not  decisive.  During  the  most 
active  time  of  this  controversy,  about  sixty  years  ago,  i  made  with 
my  brother  various  kinds  of  experiments  and  observations,  which, 
by  turns,  favoured  one  or  the  other  of  these  hypotheses,  but  neither 
of  them  decisively ;  and  the  question  would  have  remained  for  ever 
in  suspense,  had  not  hygrology  and  hygrometry  been  pursued  with 
the  degree  of  attention  and  labour  that  M.  de  Saussare  and  myself 
have  bestowed  upon  them ;  from  which  the  phenomena  of  dew  has 
appeared  under  a  new  and  quite  different  aspect,  which  excludes 
both  the  above  causes  as  fundamental  in  it,  and  shows  why  neither 
of  them  could  explain  its  most  essential  circumstances. 

Art.  VI.  With  respect  to  the  experimental  part,  we  have  both  de- 
termined, by  direct  and  unconcerted  experiments,  the  efiects  pro- 
duced on  our  respective  hygrometers,  placed  in  a  mass  of  air, 
wherein  the  quantity  of  evaporated  water  remaining  the  same,  there 
was  no  change  but  in  the  degree  of  heat  We  have  made  the  same 
kind  of  experiments  on  difierent  quantities  of  evaporated  water  in 
the  same  space ;  and  combining  them,  we  have  formed  tables  ex- 
pressing (he  different  efibcts  of  heat  on  moisture,  correspondent  to 
different  quantities  of  evaporated  water  in  the  same  space,  and  to 
the  changes  of  heat  in  eacn  of  these  quantities ;  from  which  tables, 
afler  having  observed  the  hygrometer  and  the  thermometer  in  any 
part  of  th^  atmosphere,  the  quantity  of  evaporated  water  contained 
in  one  cubic  foot  of  that  air  is  determined.  These  entirely  distinct 
experiments  have  proved  the  constancy  of  the  laws  prevailing  in 
these  effects,  by  the  astonishing  agreement  of  our  tables,  though  de- 
termined by  very  different  instruments  and  processes :  an  agreement 
which  I  have  shown  in  the  already  mentioned  papers  to  the  Royal 
Society. 

Art,  VII.  This  determination  of  the  effect  produced  on  moisture, 
i.e.,  on  the  indications  of  the  hygrometer  by  the  changes  of  heat, 
in  a  msss  of  air  wherein  the  quantity  of  evaporated  water  remained 
the  same,  was  most  essential  in  meteorology;  and  in  particular  it 
was  indispensable  for  the  decision  of  the  question,  whether  the  pro- 
duction of  dew  were  principally  owing  to  the  cooling  of  the  atnios- 
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phere ;  which  appeared  the  most  natural  explanatioD,  but  on  which 
faowaver  there  were  sufficient  reasons  of  doubt  to  produce  the  ob- 
dcarity  which  remained  on  this  phenemenon ;  because  nothing  could 
be  either  determined  or  provea,  concerning  the  real  effect  of  the 
diminution  of  heat  on  evaporated  water,  without  such  experiments 
as  above  defined ;  and  I  come  now  to  their  immediate  application 
to  the  phenomenon  of  dew,  in  consequence  of  some  observa- 
tions which  were  also  separately  made  by  M.  de  Saussure  and 
myself.  Towards  sunset  and  in  the  beginning  of  the  night,  mois- 
ture increases  in  the  air  much  more  rapidly ;  and  after  sunrise 
and  in  the  first  part  of  the  day,  dryness  increases  also  much 
more  rapidly ;  in  botli  cases  comparatively  with  the  correspondent 
changes  of  heat,  than  would  be  tiie  case  did  the  same  quantity  of 
evaporated  water  remain  in  the  air.  This  is  a  very  succinct  ac- 
count of  our  experiments  and  observations  concerning  this  object, 
the  particulars  of  which  may  be  seen  in  our  respective  works ;  but 
it  is  safficiebtly  distinct  to  allow  me  here  to  conclude,  that  thus  has 
been  pointed  oot  one  of  the  greatest  questions  and  objects  of  inves- 
tigation, concerning  terrestrial  physics,  namely :  what  is  the  cause  of 
the  disappearance  in  the  atmosphere  of  the  greatest  part  of  the 
aqueous  vapour  which  it  before  contained,  when  the  sun  ascends  on 
the  horizon,  and  of  the  increase  of  its  quantity  when  the  sun  is 
setting  P — while  the  very  reverse  should  have  been  expected  from  all 
the  hitherto  known  causes,  as  I  shall  show  hereafter.  To  this 
investigation  1  shall  now  proceed  as  far  as  known  phenomenon  will 
lead  me. 

An,  VIII.  I  shall  first  mention  a  very  important  course  of  ob- 
servations of  M.  de  Saussure  concemijigthe  changes  in  the  electric 
state  of  the  atmosphere.  He  had  erected  a  high  conductor,  in  a  fa- 
vourable situation,  on  the  brow  of  a  hill  in  Geneva.  The  lower  part 
of  this  conductor  was  connected  with  an  insulated  pair  of  pith  balls, 
the  divergences  of  which  indicated  the  differences  between  the 
electric  state  of  the  upper  air  and  that  in  which  the  balls  stood :  he 
observed  during  many  years  the  diurnal  variations  of  this  difference ; 
and  the  main  result  of  these  observations  is  the  following.  In  common 
weather,  ue.,  when  no  particular  cause  disturbs  the  course  of  the 
usual  operations  going  on  in  the  atmosphere  during  each  period  of 
twenty-four  hours,  the  quantity  of  electric  fluid  increases  in  it  from 
sunrise  till  some  time  in  the  afternoon,  as  is  seen  by  the  increase  of  a 
positive  divei^ence  of  the  balls.  The  new  electric  fluid,  the  for- 
mation of  which  is  thus  indicated,  accumulates  in  the  air,  because 
it  is  transmitted  but  slowly  to  its  lower  part  near  the  ground.  But 
afterward,  when  the  hygrometer  shows  a  beginning  of  increase  of 
moisture  in  the  atmosphere,  the  divergence  of  the  balls  begins  to 
decrease;  and  when  at  last  dew  is  forming,  the  electric  equilibrium 
is  soon  established  between  its  upper  and  lower  parts,  the  whole  of 
the  electric  fluid  formed  in  the  day  passing  then  into  the  ground. 
Now,  it  is  during  the  first  of  these  periods,  &at  dryness  increases  in 
the  atmosphere  much  more  than  would  happen  by  the  same  increase 
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of  heat,  did  only  the  same  quaatity  of  aqueous  vapour  subsist  io  it 
as  before  sunrise ;  while  on  the  contrary,  its  quantity  ought  to  in- 
crease by  a  greater  evaporation  being  produced  on  the  ground, 
which  dries  when  heated  by  the  sun.  Hence  it  appears,  that  there 
18  some  connexion  between  the  increase  of  the  quantity  of  electric 
fluid  and  the  diminution  of  that  of  aqueous  vapour  in  the  atmos- 
phere, during  this  period. 

Art.  IX.  This  points  out,  in  the  Brst  place,  a  formation  of  electric 
fluid  in  the  atmosphere,  while  the  sun's  rays  pervade  it.  Light,  the 
increase  of  which  in  the  atmosphere  is  here  the  immediate  cause,  is 
certainly  one  of  the  component  parts  of  the  electric  fluid ;  therefore, 
this  fluid  must  be  composed  in  some  operations  of  nature  on  our 
globe.  Now  it  is  here  already  probable,  that  the  sun's  rays,  in  per- 
vading the  atmosphere,  encounter  in  it  the  substances  with  which 
they  compose  the  new  quantity  of  electric  fluid  then  manifested ; 
and  that,  in  general,  they  enter  there  into  various  combinations,  is 
proved  by  their  intensity  being  sensibly  greater  on  the  top  of  high 
mountains  than  in  the  lower  parts  of  the  atmosphere,  as  has  been 
shown  irom  exueriments  by  M.  de  Saussure ;  which  difierence  must 
proceed  from  tneir  quantity  being  diminished  in  pervading  the  air. 

Art.  X.  Some  other  experiments  of  M.  de  Saussure  lead  besides 
directly  to  this  system  concerning  compositions  and  decompositions 
of  electric  fluid,  as  producing  phenomena,  the  causes  of  which  were 
unknown  or  mistaken.  For  instance,  it  has  been  found  by  experi- 
ence that,  when  water  is  poured  upon  an  isulated  plate  of  hot  iron 
connected  with  an  electroscope,  this  plate  becomes  negative: 
whence  it  had  been  concluded  that,  when  water  is  converted  into 
vapour,  it  requires  a  greater  capacity  for  electric  fluid;  and  thus 
deprives  of  a  certain  quantity  of  this  fluid  the  body  on  which  it 
evaporates:.  But  M.  de  Saussure  having  repeated  the  same  pro- 
cess upon  different  heated  bodies,  found  that  some,  in  particular 
silver,  became  positive  :  whence  he  concluded  very  naturally,  that 
during  the  evaporation  of  water  on  hot  iron  some  electric  fluid  was 
decomposed,  and  some  on  the  contrary  composed  when  the  same 
operation  took  place  on  silver.  He  has  also  surmised,  what  I  have 
since  found  by  direct  experiments  related  in  my  work  Ideet  sur  la 
Meleoroiogie,  that  in  the  discharge  of  the  Leyden  vial,  and  in  my  ex- 
periment of  the  magic  picture,  the  spark  produces  some  diminution 
of  the  quantity  of  electric  fluid  on  these  bodies ;  which  cannot  be 
but  by  decomposition.  It  will  successively  be  seen  in  what  manner 
these  previous  remarks  on  the  electric  fluid,  and  the  experiments  on 
the  same  subject  contained  in  my  former  paper  and  the  first  parts  of 
this,  are  connected  with  meteorology. 

Art.  XI.  1  have  said  that,  as  we  ascend  mountains,  the  hygro- 
meter, successively  falling,  indicates  less  and  less  evaporated  water  in 
the  air.  We  thus,  however,  attain  the  region  in  which  clouds  and 
rain  are  formed ;  and  there  it  is,  that  the  lessons  of  nature  itself  may 
guard  us  against  the  arbitrary  dictates  of  imigination :  1  shall  there- 
fore relate  what  I  have  observed.     At  times  when  the  atmosphere  is 
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«o  clear,  that  distant  objects  are  seen  very  distinctly,  and  that  the 
hygrometer,  according  to  the  tables  that   M.  de  Saussure  and  I 
have  made  from  direct  and  separate  experiments,  does  not  indicate 
above  two  or  three  grains  in  each  cnbic  foot  of  that  air,  small 
clouds  may  be  seen  forming  in  all  parts  of  the  very  stratum  of  the 
atmosphere  in  which  we  stand,  with  very  little  or  no  wind.    Some- 
times without  any  change  in  the  temperature  or  moisture  of  the  in- 
termediate parts,  these  embryoes  of  clouds  dissipate  :  but  at  other 
times  they  rapidly  increase,  unite  togetlier  in  the  whole  stratum  in 
sight,  and  announce  to  the  observer,  that  soon  he  will  be  enveloped 
by  clouds.    However,  till  the  clouds,  either  moving  towards  him,  or 
forming  around  him,  occupy  the  very  spot  in  which  stand  the  hy- 
grometer and  the  thermometer,  be  observes  no  sensible  chaoge  in 
diem :  but  the  instant  that  a  cloud  envelopes  him  the  hygrometer 
arrives  at  its  point  of  extreme  moisture,  and  all  the  bodies  are  wet* 
Art  XII.  These  preliminaries  of  rain  often  remain  a  long  time, 
with  only  some  variations,  and  at  last  dissipate  without  effect ;  and 
as  soon  as  the  clouds  disappear  in  one  spot,  the  hygrometer  indi- 
cates the  same  dryness,  as  if  no  cloud  had  been  there.    But  at  last ; 
though  without  any  perceptible  difference  in  the  preliminaries,  be- 
cause some  other  test  of  the  state  of  the  air,  besides  those  we  possess, 
is  wanting,  the    clouds  increase  in  extent  and  thickness,  above 
and  below  the  place  of  observation,  and  rain  is  produced  in  more 
or  less  abundance.     If  rain  be  lasting,  and  at  the  same  time 
in   a  great  extent  of  country,  it  may  happen  either  in  a  calm 
air,  or  during  some  regular  wind.    But  when  rain  is  partial  and 
in    showers,  sudden,   and  sometimes  violent  winds   accompany 
these,  arising  from  the  expansion  of  the  air,  by  its  decomposition 
into  aqueous  vapour  in  some  place,  while  a  vacuum  is  produced  in 
other  parts  by  the  resolution  of  that  vapour  into  rain.    Hence  it  is, 
that  the  direction  of  these  winds  is  rapidly  changing,  and  that  they 
cease  with  the  return  of  the  transparency  of  the  air.    Lastly,  in  a 
stratum  of  air,  which  perhaps  only  half  an  hour  before  was  calm 
aud  transparent,  in  which  the  hygrometer  did  not  indicate  any  in- 
crease in  the  small  quantity  of  evaporated  water,  and  without  any 
indication  of  increase  of  the  quantity  of  electric  fluid,  some  clouds, 
rapidly  forming,  produce  lightning,  thunder,  hail,  torrents  of  rain, 
and  such  violent  winds,  as  tear  up  'trees  and  overturn  cottages  on 
mountains. 

We  may  be  for  ever  isnorant  of  the  causes  of  these  wonderful 
phenomena,  but  those  who  are  aware  that  fiction,  in  the  operations 
of  nature,  may  lead  to  great  errors,  will  prefer  ignorance  to  a  false 
science.  As  for  me,  from  my  first  observations  of  these  operations 
of  unconstrained  nature,  and  with  the  addition  of  a  remark  of  M. 
de  Saussure,  which  I  shall  mention,  I  changed  very  essentially  my 
former  ideas  on  the  atmospheric  phenomena,  as  I  have  explained  in 
my  works,  and  shall  repeat  hereafter. 

Art,  XII 1.  In  order  to  evade  the  general  consequence  which,  in 
my  works,  1  have  deduced  from  these  facts,  namely,  that  rain  and 
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the  other  coocomitant  pheDomena  are  produced  by  different  kinds 
of  decompositions  of  the  atmospheric  bit,  which  consequence  is  cer- 
tainly the  subversion  of  the  new  theory  of  chemistry,  M.  Fourcroy 
invented  the  hypothesis  of  a  dry  solution  of  water  by  air ;  supposing 
that  this  water  could  no  longer  affect  the  hygrometer,  which,  in 
consequence  he  discarded  from  the  rank  of  a  meteorological  insU*u- 
ment,  and  having  obtained  the  assent  of  many  chemists  who  have 
not  applied  to  meteorology  any  more  than  himself,  this  instrument, 
so  much  wished  before  by  natural  philosophers,  is  now  hardly  men- 
tioned. 

But  this  hypothesis,  grafted  on  that  of  Le  Roy,  is  in  the  first  place 
absolutely  gratuitous;  no  fact  having  been  adduced  in  bringing  it 
forward  in  chemistry  against  the  positive  facts  contained  in  M.  de 
Saussure's  works  and  mine :  and  besides  it  is  of  no  avail,  since  M. 
Fourcroy  himself,  and  all  those  who  have  adopted  it,  have  been, 
obliged  to  suppose  that  this  pretended  solution  of  the  water  remains 
dependent  on  the  temperature ;  which  they  are  obliged  to  do,  other- 
wise it  would  be  nothing  more  than  my  system,  with  the  appearance 
of  refuting  it.  For,  if  the  enormous  quantity  of  water  which  some- 
times falls  in  rain  from  a  very  limited  stratum  of  air,  be  not  sub- 
mitted to  precipitation  by  the  diminution  of  heat,  it  must  have  been 
changed  into  a  permanent  or  aeriform  fluid ;  and  in  the  atmosphere 
uo  sensible  quantity  of  any  fluid  of  this  kind  exists,  but  the  atmos- 
pheric air.  Besides,  since  for  this  reason  it  is  supposed  in  that  hy- 
pothesis, that  the  evaporated  water  remains  dependent  on  tempera- 
ture, very  little  knowledge  in  hygrology  is  required  to  conclude, 
that  it  cannot  cease  to  affect  the  hygrometer  in  proportion  to  its 
quantity,  as  is  evident  from  M.  de  Saussure's  experiments  and 
mine.  Lastly,  with  respect  to  that  fluid  the  decomposition  of  which 
produces  rain,  its  nature  is  clearly  determined  by  the  following  cir- 
cumstance :  when  we  remain  in  a  stratum  of  air  till  the  end  of  the 
operations  by  which  a  deluge  of  rain,  even  witli  lightning  and  thunder, 
has  been  produced,  the  residuum,  according  to  all  tests,  is  the  same 
air  as  before.  Sach  are  the  objections  which  I  have  made  to  M. 
Fourcroy  himself,  and  which  he  has  not  answered,  nor  any  chemist 
for  him. 

Art.  XIV.  These  formations  and  modifications  of  clouds,  when 
viewed  only  over  head  from  the  plain,  have  naturally  inspired  the 
idea,  that  by  some  cause  the  liberation  and  condensation  of  evapo> 
rated  water  now  and  then  take  place  in  a  great  extent  of  the  upper 
region  of  the  atmosphere,  which  water  descends  and  accumulates  in 
the  stratum  of  air  where  clouds  form  and  produce  rain.  But  this 
idea  proceeds  from  a  want  of  previous  knowledge  in  hygrology,  and 
of  observations  on  high  mountains ;  for,  in  the  first  place,  whence- 
ever  and  from  whatever  cause  that  quantity  of  water  may  be  supposed 
to  proceed  before  any  precipitation  can  take  place,  even  in  the  first 
state  of  vesicular  vapour  which  constitutes  clouds,  it  must  be  pre- 
ceded by  extreme  moisture  in  the  still  transparent  air,  since  it  is 
only  the  excess  of  that  water,  which  is  first  precipitated  in  a  mist; 
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and  when  lliis  precipitation  ceases,  extreme  moisture  still  subsists  in 
the  air,  as  M.  de  Saussure  and  myself  have  found  in  all  our  hygro- 
scopical  experiments.  Now,  I  have  said  above,  from  observations 
on  high  mountains,  that  air  is  there  dry  till  the  moment  before  the 
formation  of  clouds,  and  that  as  soon  as  the  clouds  are  dissipated, 
the  hygrometer  indicates  the  same  dryness  as  before.  This  evi. 
dently  shows,  that  the  production  of  clouds  and  rain  have  their  cause 
io  the  Very  stratum  of  air  where  they  are  manifested ;  and  this  cause 
cannot  be  any  other  than  a  decomposition  of  the  air  itself. 

Lastly,  in  these  yeiy  clouds,  which,  being  themselves  a  conduc- 
ting mass,  lean  besides  against  mountains,  it  happens  sometimes  that 
lightning  and  thunder  are  produced ;  and  this,  as  I  have  said  before, 
without  any  previous  sign  of  an  uncommon  quantity  of  electric  fluid 
in  them.  This  also  points  out  some  operation  taking  place  in  these 
clouds,  by  some  modiiicati(m  in  the  cause  which  commonly  pro- 
duces a  simple  rain.  The  electric  fluid  thus  suddenly  disengaged 
must  have  been  before  in  some  chemical  combination  in  the  air  it- 
self, which  prevented  its  manifestation,  and  is  then  destroyed. 
When  we  are  above  the  clouds,  we  may  see  (as  it  has  happened  to 
me)  lightning  darting  upwards,  as  it  is  commonly  seen  darting 
downwards  when  we  are  under  the  clouds ;  and  even  in  this  last 
case,  we  may  judge  that  lightning  is  darted  upwards,  when  we  see 
only  a  great  sudden  light  in  the  clouds,  without  any  flash,  followed 
however  by  thunder. 

The  above  are  leading  facts  in  the  maze  of  atmospheric  pheno* 
mena,  certainly  indicating  the  existence  in  the  atmosphere  of  subtle 
fluids  besides  diose  which  have  hitherto  been  discovered.  This  is 
the  general  object  which  I  am  going  to  examine. 

I  shall  here  begin  by  explaining  one  of  the  results  of  my  long  la- 
bours in  the  pursuit  of  the  measurement  of  heights  by  the  barometer, 
of  which  all  the  steps  are  described  in  my  work  Researches  sur  les 
Modifications  de  V Atmosphere,  published  in  1772.  My  experi- 
ments and  observations  were  first  directed  towards  these  two  points. 
1.  To  obtain,  by  a  great  number  of  observations  at  diflbrent  mea- 
sured heights,  on  mountains  and  towers,  a  coefiicient  expressive  of 
hei^t,  to  the  determined  law  of  the  densities  of  air  correspondent 
to  the  difference  of  pressure  in  a  given  temperature  of  the  air.  2. 
An  equation  for  the  diflerences  of  actual  temperatures  with  that 
fixed  point.  By  dint  of  trials,  I  arrived  so  far  in  these  determina- 
tions, that  the  method  of  measuring  the  height  of  mountains  by  the 
barometer  has  been  found  preferable  to  the  geometrical  operations, 
on  account  of  the  impossibility  of  determining  a  law  in  the  terres- 
trial refractions ;  besides  the  difficulty  of  finding  proper  bases  for 
the  triangles.  But  though  the  measurement  of  heights  had  been 
my  first  view  in  this  undertaking,  other  modifications  of  the  atmos- 
phere became  soon  predominant  in  my  pursuit,  as  I  shall  now 
explain. 

In  order  to  ascertain  the  d^pree  of  exactness,  which  could  be  ob- 
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tained  in  the  determination  of  the  two  parts  of  the  formula  above  de- 
fined, I  had  measured  the  heights  of  fourteen  points  above  one  another 
on  Mount  Sald?e,  near  Greneva ;  the  whole  height  above  the  level  of 
the  base  that  I  had  chosen  being  above  3,000  feet ;  and  at  each  of 
these  determined  elevations  1  had  made  a  great  number  of  observa- 
tions of  the  barometer  in^  different  temperatures,  both  in  the  same 
days  and  in  different  seasmis.  I  had  taken  all  possible  precautions 
to  ascertain  the  height  of  each  of  these  points,  in  verifying  the  tri- 
gonometrical operation  by  levelling  the  whole  mountain  in  pas- 
sing by  these  points,  in  order  that  the  formula  might  be  applicable 
to  other  places  :  but  had  there  been  some  inaccuracy  in  that  respect^ 
it  could  not  effect  the  coefficient  of  the  two  laws,  as  applied  to  the 
same  places ;  for  if  these  laws  had  been  sufficient,  the  formula  would 
have  assigned  to  them  the  same  height  by  every  observation.  Now, 
no  coefficient  to  the  differences  of  heights  in  the  barometer,  associat- 
ed with  any  equation  for  the  differences  of  the  thermometer,  could 
bring  the  formula  to  express  the  same  differences  of  height  between 
the  same  points  :  a  proof  that  the  two  conditions,  with  which  alone 
the  formula  corresponds,  do  not  embrace  all  the  causes  of  variation 
in  the  density  of  air.  Having,  however,  no  other  data,  I  fixed  these 
two  parts  of  the  formula  in  the  manner  the  most  correspondent  to 
the  whole  of  my  observations,  amounting  to  near  600  ;  so  that  the 
sums  of  anomalies  in  plus  and  minus  comparatively  to  the  measured 
heights  were  equal ;  after  which  the  causes  of  these  anomalies  be- 
came the  object  of  my  researches. 

One  of  the  principal  means  by  which  I  had  considerably  reduced 
the  former  great  anomalies  in  this  measurement,  which  had  appeared 
unconquerable,  had  been  by  introducing  an  equation  for  the  diffe- 
rences of  expansion  of  air  produced  by  heat  in  the  atmosphere. 
Considering  therefore  this  effect  of  heat,  which  by  its  increase 
diminishes  the  pressure  of  columns  of  air  of  a  determined  height, 
under  the  same  pressure  of  superincumbent  air,  as  indicated  by  the 
height  of  the  barometer  at  the  upper  station  ;  and  connecting  this 
circumstance  with  the  idea,  that  die  cause  of  heat  is  an  expansible 
fluid,  namely  free  fire,  which  occupies  in  air  a  space  without  any 
sensible  addition  to  its  mass ;  I  concluded  that  some  other  fluid,, 
for  which  we  had  not  yet  a  test,  as  we  have  by  the  thermometer  for 
the  former,  might  be  the  cause  of  the  above  remaining  anomalies. 

This  general  conclusion  brought  into  my  mind  the  aqueous  va- 
pour, of  which  I  knew  that  the  specific  gravity  was  much  less  than 
that  of  air ;  and  supposing  at  that  time,  as  was  commonly  thought, 
that  its  accumulation  in  the  atmosphere  was  the  cause  of  rain,  I 
conceived  that  the  difference  of  its  quantity  in  different  times  must 
be  very  great,  and  that  this  might  be  the  cause,  or  at  least  one  of 
the  causes  of  the  anomalies  I  had  in  view. 

The  same  consideration  led  me  also  to  a  system  concerning  the 
remarkable,  though  not  constant,  correspondence  of  the  variations 
in  the  sedentary  barometer  with  rain  and  fine  weather ;  as  the  same 
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fluid,  the  abundance  of  which  in  the  atmosphere  diminishes  its  pres-  * 
sure  upon  the  barometer,  was  supposed  to  produce  rain.  Having 
published  this  system  in  the  above  mentioned  work,  it  obtained  much 
approbation  among  natural  philosophers,  because  no  satisfactory  ex- 
planation had  been  yet  given  of  the  above  connexion  of  phenomena ; 
however,  I  did  not  intend  to  give  it  a  full  assent,  till  1  had  succeeded 
in  the  construction  of  a  true  hygrometer ;  judging  already,  that, 
without  such  an  instrument,  nothing  could  be  determined  with  any 
certainty  concerning  the  modifications  of  evaporated  water  in  the 
atmosphere.  This  judgment  was  soon  confirmed  :  for  M.  de  Saus- 
sure,  who  had  made  a  quicker  progress  than  myself  in  hygrometrical 
experiments,  discovered  the  fallacy  of  the  above  plausible  system, 
which  at  first  he  had  adopted  with  applause.  He  demonstrated  by 
direct  processes,  that  though  the  aqueous  vapour  is  specifically 
lighter  than  air,  the  difference  between  its  greatest  and  smallest 
quantity  in  the  atmosphere  at  any  time  is  so  little,  that  it  can  explain 
but  a  very  inconsiderable  part  of  the  variations  of  the  barometer.  I 
had  not  yet  carried  my  own  experiments  so  far,  but  I  did  not  doubt 
the  main  result  of  his,  as  they  bore  all  the  characters  of  a  true  inquiry, 
and  I  abandoned  my  system,  as  applied  to  aqueous  vapour. 

But  the  general  conclusion  that  I  had  deduced  from  the  great 
reduction  of  anomalies  in  the  measurement  of  heights  by  the  baro- 
meter, which  was  principally  owing  to  the  introduction  of  an  equa- 
tion for  the  difiterences  of  the  quantity  of  free  fire  in  the  air,  still 
remained ;  namely,  that  some  expansible  fluids  as  imponderable  as 
the  former,  hitherto  unknown  to  us,  might  also  account  for  that 
remarkable  correspondence  between  the  changes  of  the  weather,  and 
the  variations  of  the  barometer.  For,  the  same  fluids,  which,  from 
their  abundance  at  certain  times,  lessen  the  pressure  of  the  atmos- 
pheric columns  on  a  certain  extent  of  country,  by  dilating  the  air 
and  repelling  it  to  other  parts,  may  also  prepare  its  decomposition 
for  the  production  of  rain,  .either  alone,  or  accompanied  with  other 
meteors  ;  and  at  other  times  they  may  be  dissipated  without  pro- 
ducing any  of  these  effects,  occasioning  only  the  fall  of  the  barometer. 

The  above  series  of  facts  and  their  immediate  consequences  pre- 
sent the  greatest  assemblage  of  operations  of  physical  causes  on  our 
globe ;  and  a  general  consequence  certainly  results  from  them, 
namely,  that  all  these  operations  are  so  intimately  connected  with  the 
nature  of  aeriform  fluids,  of  water,  light,  fire,  and  electric  fiuid,  that 
we  cannot  determine  any  thing  with  the  smallest  degree  of  certainty 
on  the  nature  of  any  of  these  substances,  without  embracing  the 
whole.  When  therefore  we  discover  some  new  phenomenon  of  any 
of  these  fluids,  at  what  distance  soever  this  phenomenon  may  be  from 
connecting  itself  with  the  operations  which  we  observe  in  the  atmos  - 
phere,  it  is  not  to  be  neglected ;  for  we  cannot  arrive  at  any  distant 
object,  but  by  successive  steps. 

This  is  the  consideration  that  has  induced  me  to  fix  my  attention 
on  the  electric  phenomena  manifested  by  the  instrument,  which  I 
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have  described  under  the  name  of  aerial  electroscope  :  as  from  the 
above  atmospheric  phenomena  concerning  lightning  and  thunder 
which  cannot  leave  any  doubt,  that  they  are  produced  by  a  certain 
decomposition  of  the  atmospheric  air ;  and  from  the  correspondent 
circumstance  of  a  formation  of  new  electric  fluid  in  the  atmosphere, 
during  the  period  of  the  day  when,  the  greatest  part  of  the  aqueous 
vapour  vanishing  in  it,  there  remains  scarcely  any  ponderable  fluid 
but  atmospheric  air ;  it  is  manifest,  that  the  electric  fluid  is  one  of 
the  substances  most  intimately  concerned  in  the  chemical  processes 
which  take  place  in  the  atmosphere,  and  on  the  nature  of  which  it  is 
the  most  important  to  acquire  more  knowledge. 

It  may  be  seen  in  the  tables  of  my  observations  of  this  new  in- 
strument, that  the  changes  in  the  frequency  of  the  strikings  of  the 
little  pendulum  have  no  determined  connexion  with  those  of  either 
heat  or  moisture  in  the  room  ;  for  though  heat  commonly  increases 
in  the  course  of  each  day,  at  the  same  time  as  the  frequency  of  the 
strikings,  nevertheless  tiie  former  is  not  the  cause  of  the  latter ; 
since  with  the  same  degrees  of  heat  the  frequency  of  the  strikings 
is  very  different  on  different  days.  With  respect  to  the  correspon- 
dence of  this  phenomenon  with  the  variations  of  the  barometer,  my 
observations  have  been  too  short  for  deciding  any  thing  on  this  sub- 
ject, though  I  felt  much  interested  in  it ;  and  besides,  the  barometer 
had  but  small  variations  during  this  short  time,  being  always  rather 
high.  Therefore,  this  is  a  course  of  correspondent  observations 
which  remains  to  be  followed. 

The  observations  contained  in  the  last  table  create  a  new  interest 
in  this  pursuit,  as  they  may  become  a  mean  of  discovering  the  changes 
in  the  comparative  electric  states  of  the  ground  and  the  air  near  it. 
The  little  pendulum,  by  its  silver  wire,  being  placed  in  connection 
with  the  zinc  side  in  these  experiments,  was  therefore  positive ;  and 
in  this  case  (as  well  as  when  it  is  connected  with  the  copper  side)  it 
must  rise  more  rapidly  towards  the  ball  18  in  proportion  as  the 
electric  state  of  the  latter  differs  more  from  its  own.  We  know  that 
in  the  first  case  (that  of  my  observations),  when  the  ball  18  commu- 
nicates with  the  copper  extremity  of  the  columns,  it  is  negative,  and 
thus  differs  from  the  pendulum  as  negative  from  positive  ;  the  stan- 
dard of  which,  according  to  the  important  determination  of  Sig.  Yolta, 
is  the  actual  electric  state  of  the  ambient  air.  Now,  the  observations 
contained  in  the  above  table  show  that  the  frequency  of  the  strikings 
is  not  alwa3r8  the  greatest,  when  the  ball  18  is  undoubtedly  negative, 
by  communicating  with  the  copper  side  of  the  columns ;  it  being 
often  equal,  and  sometimes  even  greater,  when  the  ball  communicates 
with  the  ground.  This  is  a  remarkable  phenomenon,  showing,  that 
sometimes  the  ground  contains  less  electric  fluid  than  the  air  near  it, 
and  it  may  in  future  lead  to  some  important  discovery  concerning 
the  operations  going  on  at  the  surface  of  the  ground  depending  on 
the  atmosphere. 

I  have  employed  much  time  and  labour  to  arrive  at  the  entrance 
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of  this  new  road  in  the  investigation  of  terrestrial  phenomena :  the 
entrance  y  I  say,  for  I  do  not  even  consider  it  as  completely  open. 
With  respect  to  the  instrument  itself,  I  may  judge  that  it  is  suscep* 
tible  of  farther  improvements,  both  in  die  composition  of  the 
column,  and  in  the  machinery  added  to  it ;  for  in  such  a  complica- 
tion of  new  physical  effects  and  mechanical  dispositicms  of  parts, 
it  is  not  to  be  expected  that  every  thing  can  be  conceived  by  one 
individual.  The  very  composition  of  the  column  might  be  improved 
with  regard  to  the  intensity  of  effect  by  some  other  metallic  coating 
than  that  of  copper  on  paper,  which  I  have  employed  on  account  only  of 
its  heing  ready  prepared  by  using  Dutch  gilt  paper.  In  some  triak,  I 
have  found  more  effect  in  using  paper  covered  with  real  gold,  and  with 
silver ;  and  I  have  also  found  some  advantage  in  doubling  the  Dutch 
gilt  paper,  by  pasting  a  thin  paper  over  its  own  paper.  Many 
such  trials  may  be  made  with  a  proper  cotidenser,  before  whole  columns 
are  composed.  As  for  the  arrangement  of  the  machinery  connected 
with  the  column,  the  instrument  which  I  have  described  having  been 
successively  augmented  upon  its  original  base,  I  suspect  that  it  is 
too  much  crowded,  and  that  thus  its  parts  may  hare  on  each  other 
an  influence  prejudicial  to  the  effects,  which  I  have  marked  in  other 
cases. 

I  have  made  many  other  remarks  on  this  instrument,  but  my  pre- 
sent purpose  is  more  to  engage  other  experimental  philosophers  in  this 
pursuit,  than  to  forward  it  myself :  for  with  respect  to  these  ob- 
servations, I  consider  them  as  newly  bom.  It  will  first  require 
some  time  for  the  understanding  what  may  be  called  the  language 
of  the  instrument ;  ue.  its  meaning  as  to  the  indication  of  the  elec- 
tric state  of  the  ambient  air,  by  its  influence  on  the  motions  of  the 
pendulum.  This  study  has  been  opened  too  late  for  me,  though  I 
was  engaged  in  it  by  considerations  resulting  from  long  meteorolo- 
gical observations,  which,  as  they  are  of  the  greatest  importance  to 
natural  philosophy,  must  be  the  incitement  to  this  pursuit.  Wish- 
ing therefore,  that  such  observations  may  become  a  more  general 
object  of  attention  among  natural  philosophers,  I  have  here  en- 
deavoured to  show,  by  an  abstract  view  of  their  present  results, 
what  knowledge,  in  f<^lowing  them,  may  be  still  obtained  concern- 
ing  the  atmospheric  operations.  It  is  true,  that  observations  of  this 
kind  require  the  neighbourhood  of  mountains  (unless  those  who 
ascend  in  balloons  should  carry  proper  meteorological  instruments, 
and  apply  themselves  to  these  observations),  but  in  general  no 
real  knowledge  of  the  nature  of  the  atmosphere  can  be  obtained 
without  in  some  manner,  ascending  in  it ;  and  it  is  no  less  certain, 
that  without  this  knowledge  no  diemical  theory  can  possess  any 
certainty. 

Systems  are  useful  for  promoting  science,  provided  they  be 
founded  on  all  the  knowledge  already  acquired  respecting  their  ob- 
ject ;  but  even  then,  as  long  as  they  contain  hypotheses,  they  must 
be  only  considered  as  leading  to  new  researches  on  determined 
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points.  With  this  view,  1  shall  here  conclude  by  an  abstract  of 
«  meteorological  system  which  I  have  fully  explained  in  my  former 
works,  and  especially  in  that  under  the  title  of  ItUroductum  a  la 
Physique  terrestre  par  Us  Fluides  expansibles, 

I.  During  the  time  that  the  sun's  rays  pervade  the  atmosphere, 
the  aqueous  vapour  ascending  in  it  by  the  evaporation  which  con- 
tinually takes  place  on  the  surface  of  the  earth,  is  transformed  into 
atmospheric  air  by  some  combination  of  this  vapour  with  the  elec- 
tric fluid,  which,  during  the  same  time  is  formed  in  the  atmosphere. 
A  formation  of  electric  fluid  at  that  time  is  shown  by  M.  de  Saus- 
sure's  observations  already  mentioned ;  but  that  the  quantity  thus 
manifested  is  not  the  whole,  and  that  a  great  part  of  this  new  fluid 
is  employed  in  the  above  transformation,  is  proved,  as  will  be  seen 
hereafter,  by  the  production  of  lightning  and  thunder,  which  can- 
not have  any  other  source. 

II.  Thus,  but  by  a  particular  operation,  is  formed  that  subtle 
fluid  which  I  have  called  vector,  possessing  many  of  the  properties 
of  Ught,  but  with  the  characteristic  difierences  which  I  have  determined. 
This  fluid  pervades  instantly  all  bodies,  is  constantly  present  in  the 
atmosphere,  and  has  probably  a  great  share  in  its  phenomena ;  but 
its  only  Ainction  yet  determined  is,  to  unite  with  the  electric  matter 
composed  at  the  same  time ;  and,  being  thus  the  cause  of  the  ex- 
pansibility of  the  electric  fluid,  it  produces  the  phenomena  known 
imder  the  name  of  electric  influences,  as  I  have  explained. 

III.  In  clear  weather  dew  is  produced  at  sunset,  because  that 
formation  of  electric  fluid  then  ceasing  in  the  atmosphere,  the 
aqueous  vapour,  which  continues  to  ascend  in  it,  remains  unchanged, 
and  its  quantity  increasing  too  much  in  the  air  comparatively  to  the 
decreasing  heat,  it  precipitates  in  visible  particles  of  water :  when 
heat  decreases  very  rapidly  in  the  air  after  sunset,  the  vapour  is 
seen  condensed  as  a  mist  over  meadows ;  and  at  last  in  autumn  it 
produces  fogs. 

IV.  The  return  of  atmospheric  air  into  aqueous  vapour,  whence 
result  clouds,  and  afterwards  rain,  is  produced  by  some  subtle  fluid 
ascending  from  the  base  of  the  atmosphere,  the  affinities  of  which 
with  the  ingredients  whereby  the  aqueous  vapour  has  been  trans- 
formed into  atmospheric  air  decompose  the  latter.  Thus,  particles 
of  aqueous  vapour  being  substituted  for  particles  of  air  in  some 
stratum  of  the  atmosphere,  and  becoming  much  too  abundant  to  subsist 
in  the  same  space,  they  first  precipitate  in  the  vesiculse  which  form 
clouds ;  and  if  the  decomposition  of  the  air  continues  some  time  in 
the  same  stratum,  these  vesiculae  collapse  into  drops,  and  form  rain. 

V.  This  is  one  of  the  causes  of  the  variation  of  the  barometer, 
not  as  a  prognostic,  but  as  a  consequence.  The  absolute  mass  of 
the  atmosphere  is  constantly  changing  by  these  inverse  operations. 
When  there  is  a  long  duration  of  fine  weather  over  a  great  extent  of 
country,  the  absolute  quantity  of  air  increases  in  the  atmosphere,  by 
the  aqueous  vapour  which  ascends  in  it  continuing  to  be  tnuisformed 
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into  air  during  the  day ;  and  the  barometer  ascends,  even  in  parts  at 
some  distance  where  it  rains  ;  when  on  the  contrary  there  prevails 
over  a  great  extent  of  country  a  long  continuance  of  decomposition 
of  air  into  rain,  the  mass  of  the  atmosphere  decreases,  and  the  baro- 
meter falls,  even  in  adjacent  countries  where  there  is  fine  weather. 
It  is  not  therefore  to  be  expected,  that  rain  and  fine  weather  should 
be  positively  connected  widi  certain  absolute  heights  of  the  baro* 
meter ;  its  small  motions,  when  it  is  more  or  less  high,  have  the 
surest  correspondence  with  the  local  weather ;  the  fall  indicating  the 
presence  of  that  subtle  fluid  which  tends  to  decompose  the  air,  and 
the  ascent  the  cessation  of  this  influence. 

VI.  If,  during  the  decomposition  of  atmospheric  air,  the  fluid 
operating  this  effect  so  unites  with  the  ingredients  of  the  electric 
fluid  which  had  entered  into  the  composition  of  that  air,  as  to  form 
a  new  compound  in  which  the  electric  fluid  does  not  possess  its 
characteristic  properties,  rain  only  is  produced,  with  little  or  no 
electric  sjrmptom  :  and  this  is  the  most  common  case.  But  when, 
from  the  nature  of  the  new  fluids  which  comb  to  be  spread  in  that 
stratum  of  the  atmosphere,  the  decomposition  of  atmospheric  air  is 
such  as  to  permit  electric  fluid  to  be  produced  by  the  precise  ingre- 
dients (t.£.  neither  more  nor  less)  necessary  to  its  characteristic  pro- 
perties, it  darts  suddenly  into  the  air  in  lightning  :  but  this  is  only 
a  first  effect,  and  not  yet  thunder,  a  most  astonishing  phenomenon, 
consisting  undoubtedly  in  successive  detonations,  such  as  the  report 
of  cannons  fired  in  a  rapid  succession  ;  and  the  former  detonations 
must  have  with  the  latter  this  analogy  of  cause,  that  they  are  explo- 
sions of  a  particular  expansible  fiuid,  produced  by  that  kind  of 
sudden  decomposition  of  atmospheric  air,  as  happens  by  firing 
gunpowder  and  other  processes. 

yil.  A  direct  proof  of  these  sudden  decompositions  of  some  sub- 
stances in  such  clouds,  and  simultaneous  compositions  of  other  sub- 
stances, is  the  production  of  hail.  This  effect  shows,  that  in  a 
certain  combination  of  circumstances,  such  a  quantity  of  free  fire 
enters  suddenly  into  some  combination,  that  the  freezing  point  is 
much  surpassed  in  the  upper  part  of  the  clouds  :  hence  the  forma- 
tion of  grains  of  sleet  so  cold,  that  in  falling  through  the  clouds, 
their  size  is  increased  in  the  form  of  icicles,  by  the  watery  vesiculae 
freezing  upon  them :  of  which  formation  the  hail-stones  bear  all  the 
characters,  especially  by  having  in  the  centre  that  opaque  grain  of 
sleet. 

The  foregoing  are  the  most  conspicuous  of  the  operations  pro- 
duced, at  certain  times,  in  some  strata  of  the  atmosphere,  but  not  all 
those  which  an  attentive  observer  may  perceive  :  they  are  here,  as 
must  be  the  case  in  the  first  steps  concerning  all  invisible  processes 
producing  visible  effects,  explained  only  by  general  analogies  with 
Imown  causes  in  our  chemical  processes ;  and  if  we  cannot  yet  ap- 
proach nearer  to  specific  causes,  it  is  because  we  are  still  very  back- 
ward in  the  knowledge  of  the  subtle  fluids,  which,  at  different  times, 
q2 
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come  to  mix  with  air  in  the  atmosphere.  We  cannot,  however, 
doubt  that  to  such  fluids  is  owing  the  multitude  of  phenomena  still 
unexplained  intelligibly,  both  in  the  atmosphere  itself,  and  in  its  con- 
nexions with  vegetation  and  the  animal  economy,  when  we  consider 
what  progress  has  been  made  in  this  knowledge,  by  only  attending 
to  the  chemical  affinities  of  light  and  fire,  and  by  a  beginning  of  dis- 
covery on  those  of  electric  fluid,  the  existence  of  which  on  bodies 
would  be  unknown  to  us,  were  it  not  for  the  motions  produced  in 
visible  bodies  by  the  disturbance  of  its  equilibrium :  this  is  one  of 
its  characteristic  properties,  and  our  test  of  the  degrees  of  its  inten- 
sity in  different  cases ;  as  the  thermometer  is  for  free  fire,  and  vision 
for  light. 

These  first  steps  in  the  knowledge  of  causes,  which  are  themselves 
imperceptible,  must  render  experimental  philosophers  more  and  more 
attentive  to  all  the  circumstances  that  may  lead  to  the  discovery  of 
new  tests  of  the  actual  state  of  the  air,  in  consequence  of  other  im- 
palpable fluids  mixed  .with  it;  and  also  to  the  electric  phenomena 
that  may  appear  in  caemical  processes,  since  the  electric  fluid  is 
always  present  on  the  bodies  which  enter  into  chemical  combinations, 
as  it  is  present  on  all  bodies :  in  this  diffused  state,  it  produces  no 
known  chemical  effect ;  but  all  the  phenomena  before  pointed  out 
undoubtedly  prove,  that  its  compositions  and  decompositions  have 
the  greatest  influence  in  the  terrestrial  phenomena. 

The  general  character  of  the  system  above,  extracted  from  my 
works  already  published,  by  supposing  a  multitude  of  still  unknown 
substances,  will  undoubtedly  encounter  the  disapprobation  of  those 
philosophers  who  consider  simplicity  as  the  characteristic  of  the 
operations  of  nature  :  but  if  this  word,  has  any  sense,  it  must  signify 
enough  and  nothing  more  ;  therefore,  the  first  condition  is  enough, 
and  when,  in  certain  phenomena  we  find  a  deficiency  of  known 
agents,  the  chasm  is  not  to  be  filled  up  by  arbitrary  hypotheses, 
which  are  nothing ;  analogy  is  our  only  sure  guide  in  the  investiga- 
tion of  hidden  causes,  as  being  a  thread  offered  to  us  by  nature 
itself. 

This  is  one  of  the  precepts  of  the  father  of  true  philosophy,  the 
immortal  Bacon,  who  taught  us,  in  particular,  not  to  dread  the 
multitude  of  substances  when  they  are  wanting  for  the  production 
of  phenomena  accurately  defined.  Among  his  remarks  on  this  sub- 
ject is  the  following,  under  the  98th  head  of  his  Silva  Sihamm ; 
which  remark  I  have  the  more  admired  the  longer  T  have  studied 
the  phenomena  of  our  globe : — *'  Cognitio  humana  determinata  hac- 
tenus  fuit  speculatione  et  visu  ;  ita  ut,  quicquid  oculos  fugeret,  sive 
propter  tenuitatem  corporis,  aut  partes  exiles,  aut  subtilitatem  motas, 
parum  sit  exploratimi.  Haec  tamen  naturam  maxime  regunt,  illis- 
que  posthabitis,  vera  analysis  institui  nequit,  aut  indica  rinatune 
processus.  Spiritus  aut  pneumatica  (expansible  fluids)  quse  omni- 
bus tangibilibus  insunt,  vix  cognoscuntnr Spiritus  enim  nihO 

sunt  prseter  corpora  naturalia,  proportionaliter  rarefacta,  tangibilibus 
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corporum  partis  iiiclusa  velut  tegumento :  neque  minus  inter  se  dif- 
ferunt,  quam  densa  et  tangibiles  partes,  omnibusque  tangibillbus 
corporibus  insimt  plus  minusve,  et  plerumque  nunquam  cessant. 
Ab  his,  eorumque  motibus,  praecipue  procednnt  arafactio,  coUiquatio, 
concoctio,  maturatlo,  putrefactio,  vivificatio,  et  prsecipua  naturae 
effecta."* 

Not  to  admit  the  existence  of  such  substances,  because  they  escape 
our  sight  or  touch,  would  be  returning  back  to  occult  properties, 
essential  qualities,  which,  in  the  infancy  of  natural  philosophy  grati- 
fied the  imagination  under  the  shape  of  causes.  However,  these 
conceptions  were  a  beginning  of  knowledge,  as  under  that  form  were 
gathered  a  certain  number  of  important  phenomena,  successively 
observed ;  but  of  these  the  agents  were  still  to  be  sought  for. 
However,  it  has  been  only  at  the  birth  of  pneumatic  physics,  and 
when  its  progress  has  occasioned  the  investigation  of  tlie  chemical 
affinities  of  light  and  fire,  that  many  mysteries  in  nature  have  been 
unfolded  ;  and  what  a  field  of  new  researches  has  been  opened  by 
the  attention  given  to  a  third  imponderable  substance,  the  electric 
fluid  !  Now  these  very  great  steps  teach  us  that  no  progress, 
marked  by  such  memorable  epochs, '  and  followed  by  so  many  im- 
portant consequences,  can  be  expected,  but  by  farther  discoveries  in 
the  same  class  of  substances,  some  of  which  may  happen  to  manifest 
themselves  also  by  characteristic  effects,  either  known  but  mistaken, 
or  yet  unnoticed  ;  and  in  these  cases  they  might  in  some  degree  be 
submitted  to  analysis,  by  the  changes  they  operate  in  certain  pheno- 
mena, already  known,  but  not  sufficiently  determined. 

It  is  not  to  be  expected,  that,  by  groping  in  a  desultory  manner 
among  the  objects  of  nature,  any  main  road  of  investigation  can  be 
opened  for  the  discovery  of  new  causes  ;  as  their  effects  are  so  much 
intermixed  in  perceptible  phenomena,  that  we  cannot  ascend  to  them 
with  certainty  in  a  retrograde  manner.  Many  more  discoveries 
concerning  them  may  be  expected  from  researches  carried  on  by  con- 
nected steps  along  the  roads  already  opened  in  the  maze  of  impon- 
derable substances,  the  greatest  agents  in  the  phenomena  of  nature. 

The  modifications  of  the  sun's  rays  to  produce  heat,  as  followed 
by  M.  de  Saussure  and  Dr.  Herschel,  and  I  may  say  by  myself ; 

*  '^  Human  knowledge  has  hitherto  been  guided  by  viewing  and  beholding ; 
80  that  whatever  escapes  onr  eyes,  either  from  the  smallness  of  the  body 
itself,  the  tenaity  of  its  particles,  or  the  snbtilty  of  its  motions,  is  bat  little  ex- 
plored. By  these,  however,  nature  is  chiefly  governed ;  and  if  they  be 
neglected,  a  just  analysis  cannot  be  made,  or  the  process  of  nature  disclosed. 
The  expansible  fluids  that  exist  in  all  tangible  substances,  are  scarcely 
known.  These  fluids  are  nothing  but  natural  bodies,  proportionally  rarified, 
included  in  the  parts  of  tangible  substances  as  in  a  case :  nor  do  uiey  difler 
less  from  each  other,  than  the  dense  and  tangible  parts,  they  inhere  more  or 
less  in  all  tangible  bodies,  and  for  the  most  part  are  ^ever  still.  To  these, 
and  their  motions,  are  owing  in  particular  rarefaction,  dissolution,  concoc- 
tion, maturation,  putrefaction,  vivification,  and  the  principal  effects  of 
nature."— C. 
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as  well  as  the  first  observations  made  by  Dr.  Priestley  on  the  chemi- 
cal effects  of  light,  have  opened  one  of  these  roads,  which  requires 
to  be  pursued  in  all  its  ramifications.  Much  is  to  be  done  also  con- 
cerning the  nature  of  fire,  i,e,  the  cause  of  heat,  or  of  that  expan- 
sion of  bodies  of  which  the  thermometer  is  the  measure ;  a  road 
which  has  been  much  obstructed  by  the  obscure  idea  of  caloric,  in- 
troduced in  the  modeifn  theory  of  chemistry,  at  the  time  when  seve- 
ral experimental  philosophers  were  engaged  in  researches  concern- 
ing the  nature,  modifications,  and  combinations  of  the  expansible 
fiuid  long  known  under  the  name  of  fire.  Much  more  remains  to 
be  done  in  the  study  of  the  electric  fluid,  its  production  and  decom- 
position throughout  so  many  phenomena.  Lastly,  almost  every 
thing  remains  to  be  done  to  acquire  some  knowledge  of  a  fluid,  the 
existence  of  which  is  manifested  by  some  characteristic  effects,  but 
which  is  itself  totally  unknown ;  though  it  cannot  be  without  some, 
and  it  may  be  a  great  influence,  in  terrestrial  phenomena  :  I  mean 
the  magnetic  fluid,  on  which  I  shall  say  here  only  a  few  words. 

Being  now  informed  that  the  motions  of  bodies  occasioned  by 
amber  when  it  has  undergone  friction,  of  which  the  cause  was  un- 
known to  the  ancients,  are  the  effects  of  a  fluid  which  has  much 
greater  fimctions  in  nature  by  its  compositions  and  decompositions, 
when  we  come  to  consider  the  analogous,  though  much  more  limited 
effects  produced  by  steel  bars  which  have  undergone  proper  frictions, 
we  are  led  to  conclude,  not  only  that  these  particular  motions  are 
also  the  effects  of  a  particular  fluid,  but  that  its  functions  in  nature 
are  not  confined  to  those  of  attracting  or  repulsing  iron  according  to 
circumstances,  and  producing  in  a  moveable  needle  the  property  of 
keeping  more  or  less  parallel  to  the  meridian  of  the  place,  with  a 
determined  end  pointing  towards  the  north  :  though  the  latter,  by 
its  use  in  navigation,  is  become  of  great  importance. 

With  respect  to  this  astonishing  phenomenon.  Prof.  Van  Swinden, 
of  Franeker,  has  much  advanced  what  Bacon  calls  the  history  in 
every  class  of  phenomena,  by  an  indefatigable  perseverance  in  ob- 
serving the  variations  of  the  magnetic  needle  compared  with  various 
circumstances.  This,  for  every  phenomenon,  is  the  first  step  to- 
wards the  discovery  of  causes  ;  for  the  nature  of  those  that  may  be 
devised  must  answer  to  all  the  modifications  of  the  phenomena  care- 
fully observed,  before  confidence  can  be  granted  to  any  hypothesis. 

In  magnetism,  the  main  point  which  must  direct  the  natural 
philosopher  in  search  of  a  cause  is  the  same  which  directs  the  navi- 
gator, namely  the  direction  of  the  magnetic  needle ;  for  this  must 
belong  to  a  cause,  which  in  some  manner  influences  the  whole  earth. 
This  consideration  has  suggested  to  Prof.  Prevost,  of  Geneva,  an  idea, 
which,  though  not  completed,  deserves  notice.  After  all  the  dis- 
coveries already  made  in  meteorology  and  chemistry,  it  cannot  be 
doubted,  that  light  has,  in  various  ways,  a  great  share  in  the  forma- 
tion of  many  atmospheric  fluids,  and  thus  probably  of  the  magnetic : 
but  there  must  be  some  cause  of  the  formation  of  a  greater  quantity 
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of  it  on  the  northern  than  the  southern  hemisphere  of  the  earth, 
since  the  magnetic  needle  has  a  tendency  to  turn  that  way.  I  shall 
not  enter  into  particulars  on  M.  Prevost's  hypothesis,  and  shall 
only  mention  its  ground,  in  order  to  show,  that  this  object  may  not 
be  unattainable  ;  it  is  the  circumstance,  that  the  sun  remains  about 
eight  days  longer  on  the  northern  side  of  the  ecliptic,  than  on  the 
southern. 

With  respect  to  phenomena  which  may  indicate  a  formation  of  this 
fluid,  M.  de  Saussure  has  invented  a  very  important  instrument, 
which  he  has  caUed  a  magnetometer ;  showing  variations  in  the  inten- 
sity of  attraction  of  a  magnet  in  different  parts  of  the  day,  and  also  in 
different  days  and  seasons,  as  the  aerial  electroscope  shows  varia- 
tions in  the  electric  state  of  the  air  in  the  same  circumstances. 
These  two  kinds  of  variations,  therefore,  deserve  to  be  followed, 
comparatively  with  each  other,  and  in  their  connexion  with  other 
atmospheric  phenomena,  as  these  observations  may  forward  our 
knowledge  respecting  the  magnetic  fluid,  which  probably,  as  well  as 
the  electric  fluid,  by  its  composition,  decomposition^  and  combina- 
tions with  other  substances,  has  an  influence  in  terrestrial  phenomena. 

The  loadstone  with  respect  to  magnetism,  and  the  tourmalin  to 
electricity,  are  bodies  which  produce  these  phenomena  from  their 
own  nature ;  but  there  is  a  method  in  our  power  to  produce  them 
by  other  bodies,  namely  friction :  it  is  therefore  very  important  in 
either  case,  to  discover  in  what  manner  friction  acts  to  produce  these 
effects.  We  have  yet  no  hold  in  this  pursuit  with  respect  to  mag- 
netic phenomena,  but  some  light  may  be  reflected  upon  tiiem  by  a 
determination  of  the  manner  in  which  friction  produces  electric 
phenomena.  I  have  studied  this  subject  with  much  attention,  and  I 
propose  to  relate,  in  anotiier  paper,  some  experiments  of  this  kind, 
leading  to  the  analysis  of  the  electric  machine,  and  demonstrating 
the  error  of  the  idea  of  two  kinds  of  electricities,  or  of  two  fluids  act- 
ing in  the  electric  phenomena. 

Ashfleld,  near  Honiton, 
1st  October,  1810. 

Preparation  of  Perchloric  Acid.     By  M.  Nativelle. 
(Extract  from  the  Journal  de  Pharmacies 

M.  Nativelle  first  takes  a  general  view  of  the  usual  method  of 
preparing  perchloric  acid,  and  remarks,  that ''  if  the  operation  be 
closely  observed,  it  will  be  found  that  the  water  added  to  the  sul- 
phuric acid  is  useless,  or  nearly  so,  and  that  the  quantity  of  sulphuric 
acid  employed  is  insufficient  to  accomplish  the  decomposition  of  tiie 
whole  of  the  perchlorate  of  potash  :  because  in  this  case,  contrary  to 
the  ordinary  law  of  substitution,  the  influence  of  mass,  or  an  union 
of  forces,  if  1  may  be  allowed  the  expression,  is  required  to  over- 
power the  pre-existing  affinity ;  the  perchloric  acid,  under  certain 


244  On  the  Preparation  of  Perchloric  Acid. 

circumstances,  being  capable  to  displace  the  sulphuric.  Having 
arrived  at  this  inference,  it  only  remained  to  ascertain  the  proportion 
of  sulphuric  acid  necessary  to  decompose  the  whole  of  the  perchlorate 
of  potash.  This  proportion  I  will  now  state,  which,  although  at 
first  sight  it  may  appear  arbitrary,  is  nevertheless  indispensable  for 
obtaining  a  maximum  of  perchloric  acid. 

Place  in  a  glass  retort  500  parts  of  perchlorate  of  potash  reduced 
to  powder,  and  as  free  as  possible  from  the  chlorate.  Add  to  this 
1,000  parts  of  sulphuric  acid  at  66°^  free  from  nitric  acid:  after- 
wards add  100  parts  of  distilled  water.  This  small  quantity  of 
water  is  indispensable,  otherwise  the  perchloric  acid  would  be  pro- 
duced in  a  solid  crystalized  form.  Fit  to  the  retort  a  long  adapter, 
terminating  in  a  tubulated  receiver,  surrounded  by  cold  water. 
Avoid  luting  the  apparatus  with  paper,  or  other  organic  substance  ; 
for,  when  heated  in  contact  with  the  vapour  of  perchloric  acid,  these 
substances  would  cause  its  decomposition,  attended  by  feeble  deto- 
nations. If  the  apparatus  be  well  adjusted,  lutes  may  be  dispensed 
with  ;  but  if  found  necessary,  asbestos  will  be  most  suitable. 

By  a  careful  application  of  heat,  the  whole  of  the  perchlorate  will 
soon  dissolve ;  but  attention  will  be  necessary  in  regulating  the  heat, 
to  prevent  sulphuric  acid  from  distilling  over  to  the  receiver,  which 
is  accompUshed  by  keeping  the  contents  of  the  retort  below  the  boil- 
ing point.  Perchloric  acid  rises  in  vapour  at  3 16^  Fah.,  a  tempera- 
ture much  below  that  at  which  sulphuric  acid  distils.  The  end  of 
the  distillation  may  be  known  by  the  residue  in  the  retort  being 
transparent  and  colourless ;  or  still  better  by  the  distilled  drops 
falling  slowly,  even  when  the  temperature  is  nearly  sufficient  to 
distil  the  sulphuric  acid. 

The  quantity  of  perchloric  acid  obtained  will  vary  accordingly  with 
the  manner  of  carrying  on  the  operation,  which  will  also  regulate 
the  quantity  of  sulphuric  acid  that  is  carried  over.  When  the  above 
described  process  is  conducted  with  care,  the  500  parts  of  perchlo- 
rate of  potash  will  yield  300  parts  of  impure  acid  of  about  45^ 
density.  If  the  distillation  be  pressed  on  too  rapidly,  the  density  of 
the  impure  acid  will  be  nearly  Uiat  of  sulphuric  acid,  and  the  quan- 
tity equal  to  that  of  the  perchlorate  employed. 

It  is  a  very  easy  matter  to  purify  this  acid,  by  removing  the  sul- 
phuric acid  and  the  small  quantity  of  chlorine  which  it  holds  in  solu- 
tion. To  accomplish  this  separation,  the  impure  acid  is  first  to  be 
agitated  with  ^  slight  excess  of  saturated  solution  of  sulphate  of 
silver:  the  chlorine  will  be  precipitated  with  the  silver.  This  chloride 
of  silver  is  to  be  separated  by  a  filter  and  the  acid  placed  in  a  large 
capsule,  ready  to  recceive  artificially  prepared  hydrated  carbonate 
of  baryta,  which,  being  well  washed,  is  to  be  added  to  the  liquor, 
until  the  whole  of  the  sulphuric  acid  has  been  precipitated,  and  a 
small  quantity  of  perchlorate  of  baryta  formed.  This  precipitate 
being  also  separated  by  the  filter  the  liquor  will  now  contain 
nothing   but   perchloric   acid,    combined  with    a   small    quantity 
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of  perclilorates  of  silver  and  baryta.  We  next  place  it  in  a  tabu- 
lated retort,  and  distil  with  the  same  apparatus,  and  with  the 
same  pxecautionB  as  before.  The  liquor  that  first  distils  over  being 
water  only,  it  is  to  be  receiyed  in  a  capsule,  and  the  proper  re- 
ceiyer  not  adi^ted  till,  by  means  of  test  paper,  we  are  certain  that 
the  acid  is  coming  over.  In  general,  the  more  slowly  the  process 
is  carried  on  the  less  water  is  retained  in  the  retort,  and  the  greater 
the  density  of  the  add.  Ice  placed  in  the  water  surrounding  the 
receiver  is  useful  in  condensing  the  acid  vapour.  The  distillation 
may  be  carried  on  till  the  residue  in  the  retort  ia  nearly  dry,  taking 
care  not  to  decompose  the  perchlorates  of  silver  and  baryta,  which 
should  remain  behind.  The  perchloric  acid  thus  obtained  is  quite 
pure,  colourless,  and  transparent :  its  density  varies  from  60°  to  65°; 
it  IB  oleaginous  like  sulphuric  acid.  From  500  parts  of  pure 
perchlorate  of  potash,  I  have  obtained  150  parts  of  concentrated 
perchloric  acid. 

In  a  future  communication  I  shall  describe  the  process  for  pre- 
paring pure  perchloric  acid  in  the  crystalline  form. 


Mr.  W.  H.  Balkan's  Process  for  Obtaining  Oxygen  Gas.    Dated 

May,  1842. 

A  MIXTURE  of  three  parts  of  bichromate  of  potash  and  four  parts 
of  common  sulphuric  acid,  placed  in  a  capacious  retort,  and  mode- 
rately heated,  will  yield  pure  oxygen  with  a  rapidity  entirely  at 
the  command  of  the  operator. 

This  process  is  cheaper  than  that  of  heating  chlorate  of  potash ; 
for  two  parts  of  bichromate  of  potash,  will  produce  as  much  oxygen 
gas  as  one  of  chlorate  of  potash,  whilst  the  latter  is  nearly  three 
times  the  price  of  the  former :  moreover,  the  residue  of  the  first  is 
valuable,  and  may  be  reconverted  into  bichromate  of  potash.  It  is 
alBO  a  more  convenient  process  than  any  previously  known,  since  it 
may  be  conducted  at  so  low  a  temperature  that  a  common  retort 
and  lamp  will  liberate  a  considerable  quantity  of  oxygen. 

On  the  Preparation  of  Cyanide  of  Potasssitm,     By  M.  Liebio.* 

It  is  well  known  that  one  of  the  best  processes  of  obtaining 
cyanide  of  potassium,  is  that  of  decomposing  the  ferrocyanide  by 
heat.  Amongst  the  several  objections  to  this  process,  is  that  arising 
from  a  great  loss  of  cyanogen,  amounting  to  one  third  of  the  whole 
contained  in  the  salt  employed.  This  salt,  which  is  composed  of 
two  atoms  of  cyanide  of  potassium,  and  one  atom  of  cyanide  of  iron, 
suffers  no  change  in  its  first  named  constituent  by  the  action  of  the 
red  heat  employed  in  the  process  :  but  the  latter  constituent  under- 
goes decomposition,  which  results  in  the  formation  of  carburet  of 
iron,  and  a  liberation  of  nitrogen.    The  carburet  of  iron  thus  formed, 

*  Annaten  der  Chime  und  Pharmacie. 
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acting  like  a  sponge,  absorbs  the  fused  cyanide  of  potassium ;  and 
in  order  to  obtain  any  portion  of  it  in  a  pure  state,  we  are  obliged 
to  avail  ourselves  of  solvents,  generally  alcohol.  But  as  cyanide  of 
potassium  is  endued  with  certain  properties  which,  in  chemical 
analysis  are  found  to  be  extremely  valuable,  I  have  availed  my- 
self of  these  properties  in  order  to  simplify  the  mode  of  obtaining  it. 

If  eight  parts  of  ferro-cyanide  of  potassium  be  well  dried  by  cal- 
cination on  a  hot  iron  plate ;  and  afterwards  finely  powdered  and 
mixed  with  three  parts  of  dry  carbonate  of  potash,  and  the  mixture 
immediately  thrown  into  a  Hessian  crucible,  previously  heated  to 
dull  redness,  and  the  temperature  maintained,  the  contents  will  first 
melt  with  a  rapid  disengagement  of  gas,  and  assume  the  appear- 
ance of  a  brown  drossy  mass.  Shortly  afterwards,  as  the  mass  be- 
comes heated  to  redness,  the  dark  colour  begins  to  disappear  :  and 
by  continuing  the  heat,  the  fused  contents  of  the  crucible  assume  a 
clear  amber  yellow.  If,  from  time  to  time,  a  heated  glass  rod  be 
introduced,  and  shortly  afterwards  vtrithdrawn ;  the  matter  adhereing 
to  it,  when  solidified,  will,  in  the  first  instance,  be  brown ;  after- 
wards yellow ;  and  at  the  end  of  the  process,  the  fluid  which  ad- 
heres to  the  glass  rod  will  be  as  clear  and  as  colourless  as  water  :  and 
afterwards  harden  into  a  brilliant  white  crystalline  mass. 

During  fusion,  brown  flakes,  which  will  be  observed  floating  on 
the  fused  mass,  will  ultimately  unite  into  a  clear  grey  spongy  form. 
If  the  crucible  be  now  removed  from  the  fire,  and  allowed  to  cool  a 
little,  this  grey  matter  generally  sinks  to  the  bottom :  and  more 
readily  if  the  whole  be  agitated  by  the  introduction  of  the  glass  rod. 
When  the  deposition  is  complete,  the  hot  melted  mass  which  fioats 
above  may  easily  be  decanted  into  a  warm  porcelain  capsule,  with- 
out allowing  any  of  the  heavy  powder  to  pass  with  it. 

The  mass  thus  separated  from  the  iron  will  contain  two  distinct 
compounds :  the  cyanide  of  potassium,  and  tlie  cyanate  of  potash  ; 
in  the  proportion  of  five  atoms  of  the  former  to  one  atom  of  the  latter. 

During  the  fusion  of  the  mixture  of  ferrocyanide  of  potassium 
with  carbonate  of  potash,  the  following  changes  take  place. 

In  an  early  part  of  the  fusion,  the  cyanide  of  iron  belonging  to 
the  ferrocyanide  of  potassium,  and  the  potash  belonging  to  die  car- 
bonate of  potash,  become  decomposed,  and  their  constituents  form 
two  other  compounds  :  the  cyanide  of  potassium,  and  the  carbonate 
of  protoxide  of  iron.  At  a  higher  temperature  the  former  takes  all 
the  oxygen  from  the  latter,  and  the  results  are,  cyanite  of  potash  and 
pure  metallic  iron. 

Supposing  the  mixture  to  contain  two  atoms  of  ferrocyanide  of 
potassium,  and  two  atoms  of  carbonate  of  potash,  it  would  be  repre* 
sented  by  the  following  formula  : — 

Ferroofuiide  of  Potaasiom.     Carbonate  of  Potash. 

Cy,2  Fes  K^     +       K,  O,  ,C0,      =      Cy,.  Fe,  Kj  O,  jCO, , 

and  after  the  fusion  we  would  have, — 

Cyanide  of  PoUMlum.  Cyanate  of  Potash.      Iron.    Carbonic  Acid. 

Cy,8  Kft       +       Cya  O,  KO       Fe,      jCO,. 
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From  two  atoms  of  ferrocjanide  of  potassium,  we  obtain  five 
atoms  of  cyanide  of  potassium :  consequently,  one-fourth  more  than 
by  the  fusion  of  that  salt  alone  by  a  red  heat.  The  small  portion  of 
cyanate  of  potash  with  which  it  is  mixed  will  not  interfere  with  any 
of  its  uses.  The  presence  of  the  cyanate  is  easily  detected  by  the 
liberation  of  carbonic  acid,  when  the  salt  is  saturated  with  an  acid. 
An  ammoniacal  salt  will  also  be  found  in  the  solution. 

The  explanation  here  given  of  the  mode  by  which  the  cyanide  of 
potassium  becomes  formed,  is  not  quite  satisfactory ;  because  the 
carbonate  of  protoxide  of  iron  is  decomposed  before  the  reduction  of 
the  iron,  and  the  separation  of  carbonic  acid  into  carbonic  oxide  and 
ferroso-ferric  oxide  takes  place,  and  it  is  at  the  expense  of  these  that 
an  intermediate  quantity  (certainly  not  greater  than  indicated  by  the 
formula)  of  cyanate  of  potash  is  formed. 

The  sides  of  the  crucible,  and  also  the  remaining  metallic  iron, 
are  left  cdvered  with  cyanide  of  potassium,  which  is  recoverable  by 
dissolution  in  hot  water.  Heat  this  solution,  and  dissolve  in  it  a 
small  quantity  of  sulphuret  of  iron  ;  evaporate,  and  ferrocyanide  of 
potassium  is  obtained.  The  mother-water  will  retain  sulphuret  of 
potassium. 
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The  Dictionary  of  the  Arts,  Sciences,  and  Manufactures :  Illustrated 
with  Eleven  Hundred  Engravings ;  by  C.Francis,  Esq.,  F.L.S. ; 
Author  of  the  Analysis  of  British  Ferns;  The  Little  English 
Flora ;  The  Grammar  of  Botany,  ^c.  W.  Brittain,  Paternoster 
Row. 

(Second  Notice.) 

We  expressed  our  high  satisfaction  of  this  work  in  a  late  number, 
and  subsequent  careful  examination  fuUy  confirms  our  good  opinion. 
We  find  upon  calculation  that  more  than  6,000  scientific  and 
technical  words  have  been  collected,  and  of  these  a  vast  number 
are  not  to  be  found  elsewhere.  The  labour  of  collecting  them  must 
have  been  immense.  This  alone  renders  the  work  truly  valuable, 
nay  indispensable,  yet  we  think  that  a  second  design  of  the  author, 
and  one  which  he  has  admirably  worked  out,  is  even  more  valuable : 
he  has  given  an  accurate  description  of  all  useful  apparatus  and 
machines V  There  are  more  than  150  machines,  &c.,  described  on 
electricity  alone,  13  thermometers,  21  difierent  steam  engines,  and 
14  presses ;  architecture,  civil  engineering,  mathematics,  mechanics, 
optics,  and  other  departments  of  scientific  knowledge  are  also  liberally 
illustrated,  the  whole  work  containing,  as  we  said  on  a  previous 
occasion,  no  less  than  1,100  engravings.  Perhaps  our  readers  may 
wish  to  judge  for  themselves  of  the  character  of  the  work  from  a 
portion  of  its  pages,  rather  than  trust  to  our  opinion,  we  therefore  give 
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the  following  extracts,  chosen  not  because  of  any  particular  attention 
which  Mr.  Francis  paid  to  the  science  of  electricity,  but  because 
they  are  accordant  with  the  ordinary  subjects  of  which  we  are  accus- 
tomed to  treat ;  and  although  we  have  confined  our  attention  to 
the  words  relating  to  electricity,  yet  by  the  references  in  italics  the 
far  greater  extent  of  the  subject  will  be  implied. 

'*  Electrepeter.  An  instrument  for  readily  changing  the  direc- 
tion of  electrical  currents.     (See  Clarke,  Bird^  ^c) 

**  Electric.  All  bodies  are  so  called  when  they  show  electrical 
appearances  upon  being  rubbed ;  or  which  will  not  permit  the  elec- 
tric fluid  to  pass  along  them. 

*'  Electrical,  or  Electric  Belonging  to  electricity. 

"  Electrical  Amalgam.  (See  Amalgam,) 

**  Electrical  Apparatus,  consists  of  all  the  machinery  used  to 
illustrate  the  science  of  electricity ;  (for  a  particular  description  of 
each  instrument  see  its  substantive  name,  as  Danee^  Condenser^ 
Discharger,  Ley  den  Jar,  Magic  Picture,  Thunder  House,  ^c.) 

**  Electric  Attraction  and  Eepulbion.  One  of  the  visible 
effects  of  a  disturbance  of  the  electrical  fluid,  when  two  bodies  are 
excited  or  electrified  in  a  similar  manner,  they  repel  each  other ;  if 
excited  so  that  one  shall  be  in  a  different  electrical  state  to  the  other, 
they  will  be  attracted.  Suspend  two  feathers  on  dry  silken  threads, 
and  hold  to  them  an  excite  glass  tube,  they  will  be  attracted  to  it  at 
first,  being  in  a  different  state  ;  but  afterwards  they  will  be  repelled 
from  it,  and  from  each  other,  because  they  are  then,  through  imbibing 
the  fluid  from  the  glass,  both  electrified  similarly. 


^ 


"  Electrical  Cement,  for  joining  together  the  various  parts  of 
an  electrical  apparatus.  Melt  together  five  ounces  of  resin,  one  of 
bees*-wax,  and  one  of  red  ochre.  This  may  be  employed  in  cement- 
ing the  plates  of  metal  in  the  galvanic  troughs. 

'*  Electrical  Charge.  The  greatest  quantity  of  the  electric  fiuid 
which  any  body  can  be  made  to  contain ;  or  the  greatest  degree  of 
disturbance  which  can  be  given  to  its  inherent  fluid.  The  restora- 
tion of  that  fluid  to  a  state  of  quiescence,  is  called  the  discharge  or 
shock. 
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"  Et.EcTHicAi.  Circuit.  Any  series  of  wires,  or  other  conductors, 
intervening  between  the  inside  and  outside  of  a  charged  Leyden 
phial,  whereby  the  jar  is  discharged.  Every  thing  which  ia  to  re- 
ceive a  shock  must  form  a  part  of  this  circuit ;  and  connecting  the 
outside  and  inside  of  such  a  jar  or  battery,  is  called  completing  the 
circuit. 

"  Elbctbical  Confiodrations.  The  peculiar  radiating  forms 
taken  by  certain  powders  when  sifted  upon  charged  electrics. 
They  may  be  made  as  follows : — Put  a  sheet  of  dry  glass  on  a 
piece  of  tin-lbil  spread  on  a  table,  and  draw  over  the  surface  of  it, 
in  any  fanciful  device,  the  knob  of  a  small  charged  Leyden  jar ;  then, 
having  ready  tied  up  in  a  piece  of  loose  mualin  a  mixture  of  equal 
parts  of  sulphur  and  red  lead,  in  powder,  sift  them  on  the  plate  of 
glass,  when  it  will  be  seen  that  the  mixed  powder  will  separate ;  and 
while  the  sulphur  of  it  settles  in  a  close  line  on  the  exact  tract  of 
the  knob,  the  red  lead  will  arrange  itself  at  a  little  distance  on  each 
side,  in  the  most  beautiful  star-like  ramifications.  The  following 
gives  but  a  faint  idea  of  the  effect : — 


"  Elbctbical  Cohductobs.     (See  Cmdvctors,  and  Lighttting.) 

"  Electkical  Cvrrbhts.  The  passage  of  the  fluids  from  one 
place  or  object  to  another,  through  conducting  substances  :  as  for 
example,  from  the  different  sides  of  a  charged  jar  ;  from  one  end  of 
a  galvanic  battery  to  the  other ;  along  conducting  wires,  &c.;  or 
when  a  current  passes  through  a  wire,  which  has  another  wire  so 
near  to  it  as  to  be  affected  by  the  passage  of  the  fluid,  the  fluid 
which  actually  passes  along  the  wire  is  called  the  primary  current ; 
and  that  effect  or  disturbuice  which  takes  place  in  the  approximate 
wire  is  called  the  secondary  current. 

"  EtECTBicAL  Excitation.  The  power  of  disturbing  the  elec- 
tric fluids,  so  that  it  becomes  apparent  either  to  our  senses,  or  by 
the  welt  known  effbcta  which  it  produces.  Bodies  thus  influenced 
are  said  to  be  excited. 

Electbical  Flbid.  That  particular  and  universal  power,  sub- 
stance, or  property,  which  pervades  all  nature,  occasioning,  when 
disturbed,  those  appearances  and  effects,  known  in  science  as  elec- 
trical and  galvanic  ;  besides  numerous  natural  phenomena,  such  as 
lightning,  the  aurora  borealis,  and  perhaps  the  whole  of  the  chemi- 
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cal  and  magnetic  action.  Some  philosophers  maintain  that  all  these 
effects  are  producd  by  different  states  of  the  same  electric  fluid ;  (see 
Franklin,)  Others  believe  that  two  electric  fluids  exist ;  one  of 
them  always  disturbed  when  the  other  is,  and  each  acting  in  opposi- 
tion to  the  other  at  all  times.     (See  Du  Fay,) 

**  Electrical  Induction.  The  power  possessed  by  an  excited 
body  in  influencing  other  bodies  in  the  vicinity  of  it,  without  touch- 
ing them. 

*'  Electricity.  A  science  which  explains  the  laws  which  govern 
the  excitation,  distribution,  and  other  phenomena  of  a  peculiar  ele- 
ment, called  the  electric  fluid.  Electricity,  in  its  more  limited  ac- 
ceptation, explains  the  electric  effects  produced  upon  various  bodies 
by  friction  or  pressure  only.  In  its  general  meaning,  it  includes 
also,  the  explanation  of  those  departments  of  science,  called  galvan- 
ism, electro-magnetism,  and  thermo-electricity.  That  effect,  result- 
ing from  friction  alone,  constituting  a  branch  only  of  a  general  sub- 
ject, and  which,  for  distinction  sake,  is  called  common,  free,  or  /Wc- 
tional  electricity. 

"  Electricity.  Disguised,  is  when  the  electric  fluid  is  accumu- 
lated upon  the  surface  of  a  body,  and  yet  has  but  little  tendency  to 
fly  off,  in  consequence  of  that  body  being  under  the  influence  of 
another  electrified  body,  which  is  near  to  it  and  insulated.  The 
lower  plate  of  the  electrophorus  is  an  example  of  disguised  electricity. 

"  Electricity,  States  of.  When  the  electric  fluid  in  any  body  is 
so  disturbed  as  to  become  apparent,  one  part  of  that  body  has  the 
fluid  in  a  redundant  state  ;  in  the  other  part,  it  is  deficient,  or  con- 
tains less  than  the  quantity  natural  to  it.  The  former,  is  called  ac- 
cumulated  or  positive  electricity ;  and  the  latter,  negative.  Upon 
the  supposition  of  two  fluids,  the  former,  is  the  vitrious ;  the  latter, 
the  resinous  fluid.  Free  or  common  electricity  is  popularly  divided 
into  atmospheric,  animal,  chemical,  mechanical,  and  medical,  accord- 
ing to  its  effects,  and  the  particular  phenomena  it  explains. 

"  Electric  Light,  Brush,  Star,  Spark,  The  spark  or  stream  of 
brightness  seen  when  a  considerable  quantity  of  the  electric  fluid 
passes  through  any  imperfect  conductor.  If  it  pass  into  the  air 
from  a  point  electrified  positively,  it  resembles  a  brush,  as  b.  If 
from  a  negative  point,  a  star,  a.  If  it  pass  in  a  considerable  quan- 
tity, and  with  rapidity,  from  one  conductor  to  another,  through  the 
air,  it  will  put  on  the  appearance  of  a  spark,  more  or  less  zigzag,  c, 
and  be  attended  by  a  snapping  noise. 


"  Electrical  Machine.  Any  instrument  adapted  to  collect  a 
considerable  quantity  of  the  electric  fluid,  as  produced  by  friction. 
The  principal  electrical  machines  now  in  use  are  of  two  forms ;  in 
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one,  a  cylinder  of  glass  is  to  be  excited  ;  in  the  other,  a  plate  of 
glass,  (see  Cylinder  and  Plate.)  In  either  case,  there  are  one  or  more 
cushions  which  rub  against  the  glass  ;  and  a  prime  conductor,  (see 
Conductor f)  to  collect  and  retain  the  electric  fluid  given  off  by  the 
glass. 

<<  Electrical  Non-Conductors.  (see  Electrics,) 

"  Electric  Poles,  or  Electrodes.  The  two  opposite  ends  of  a 
charged  electric  or  galvanic  apparatus.  When  the  word  pole  is 
used,  we  distinguish  them  by  the  terms  positive  and  negative ;  but 
employing  the  term  electrodes,  the  positive  is  called  the  anode  or 
platinode ;  the  negative,  the  cathode  or  zincode. 

''  Electric  Shock.  The  rapid  passage  of  a  quantity  of  the  elec- 
tric fluid  through  any  substance,  which  occasioning  a  disruption  of 
some  bodies,  and  a  convulsion  to  others,  renders  the  term  appro- 
priate. 

"  Electro-chemical  Action.  The  chemical  changes  that  take 
place  owing  to  the  interference  or  agency  of  an  electric  current. 

''  Electro-chemical  Equivalents,  are  the  same,  and  coincide 
with  the  ordinary  chemical  equivalents. 

"  Electro-chemistry.  That  division  of  electricity,  which  treats 
of  the  chemical  effects  produced  by  the  passage  of  an  electric  cur- 
rent through  a  chemical  compound. 

"  Electrodes.  The  poles  of  a  galvanic  battery.  That  pole  in 
which  the  electric  fluid  enters,  is  called  the  negative  pole,  or  electrode. 

"  Electro-dynamic  Cylinder.  (See  Ampere?) 

"  Electro-dynamics.  That  di?ision  of  the  science  of  electro- 
magnetism,  which  explains  the  laws  of  all  rotations,  vibrations,  and 
other  motions  occasioned  by  the  mutual  action  of  the  magnetic  and 
electric  fluids. 

''Electro-Gasometer.  A  small  apparatus  for  collecting  and 
measuring  the  amount  of  gas,  resulting  from  the  decomposition  of 
water  by  electricity.     (See  Bachhoffner^  Clarke,  Sfc.) 

"  Electrolytes.  All  substances  susceptible  of  direct  decomposi- 
tion by  a  passage  of  the  electric  fluid  through  them,  as  water. 

"  Eleotrolytic  Action,  or  Electrolysis.  Galvanic  action  con- 
sidered in  reference  to  chemical  decomposition. 

"  Electro-Magnet.  A  bar  of  iron  which  assumes  temporary 
magnetic  properties,  in  consequence  of  a  current  of  electricity  being 
made  to  pass  through  it.  It  is  made  by  twisting  around  the  bar  of 
iron,  whether  straight  or  shaped  like  a  horse-shoe,  a  wire  covered 
with  silk  or  cotton,  or  other  non-conducting  material,  and  passing  a 
current  from  one  pole  of  a  galvanic  battery  to  the  other,  along  the 
coil  of  wire.  The  circulation  of  the  fluid  through  the  wire,  will 
render  the  bar  of  iron  within  it  a  temporary  but  powerful  magnet, 
capable  of  sustaining  a  considerable  weight.  It  loses  this  power  the 
moment  the  connection  with  the  battery  is  broken.  In  the  cut,  a 
is  the  electro-magnet ;  b  and  c,  the  weight  raised ;  n  and  p,  the 
wires  from  the  poles  of  the  battery. 
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"  Electro-maonetic  Apparatus.  (See  Ampere,  Callan,  Bach- 
hoffver,  Clarke,  Barlow,  Sturgeon,  Faraday,  Marsh,  SfC.) 

"  Blectro-uaonetic  Coil.     (See  Callan.') 

"Electro-magnetic  Coil  Machine.     (See  Coil.) 

"Electso-maonetic  Helii."    (See  Helix.) 

"Electho-maonetic  Machine,  or  EHaiNE.  A  machine  by 
which  the  effects  of  electro -magnetism  may  be  noticed  or  ascertained. 

"  Electbo-uagnetic  Multiplier.  The  original  name  of  the 
galvanometer,  an  instrument  for  measuring  the  intensity  of  an  elec- 
tric current.  The  original  instrument  was  merely  a  mariner's 
compass,  with  a  covered  wire  coiled  five  or  six  times  round  it.  When 
an  electric  current  is  made  lo  pass  along  the  wire,  the  compass-nee- 
dle b  driven  out  of  its  usud  polar  direction,  the  north  end  being 
turned  east  or  west,  according  to  the  direction  of  the  current.  The 
following  is  another,  but  not  a  more  powerful  form  of  the  instru- 


A  B  are  mercury  cups,  to  hold  the  wires  from  the  pcde  of  the 
battery  ;  c  the  magnetic  needle,  with  a  graduated  card  beneath  it, 
and  the  coil  of  wire  around  it. 

"  Electromotive  Force.  Volta  supposed  that  when  two  metak 
vrere  in  contact,  a  certain  force  was  in  operation,  tending  to  efiect  a 
tnuufer  of  electricity  from  the  one  metal  to  the  other.  To  this  force 
he  gave  the  name  of  electromotive. 

"  Elscteo-Maonetic  Sphsre.  (See  BarUm  and  StHrgeoit,) 

"  ELBcTRO-MAaNETiSM.  The  science  which  explains  the  action 
of  the  electric  fluid  and  the  magnet  upon  each  other. 

"Electbohetes.  An  instrument  to  measure  the  quantity  and 
qualilyoftheelectricfluid  disturbed  during  any  experiment  or  process. 
Some  electrometers  act  upon  the  prindjrie  of  electrical  attraction  or 
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repulsion,  certain  parts  of  them  becoming  divergent  in  proportion  to 
the  intensity  of  the  disturbance  of  the  fluid  within  them,  such  as 
Coulomb's  electrometer,  the  quadrant  electrometer,  &c.  Others 
depend  for  their  action  upon  the  circumstance  that  the  electric  fluid 
acquires  momentum  in  proportion  to  its  concentration,  as  in  the 
balance  electrometer,  the  medical  electrometer,  &c.  (See  Balance, 
Coulomb,  Lane,  Medical,  ^c) 

''Electro-Micrometer.  Any  instrument  adapted  to  measure 
very  minute  quantities  of  electricity  ;  synon3rmou8  with  condenser. 

**  Electro-Momentum.  The  power  exerted  by  an  electric  cur- 
rent when  suddenly  turned  out  of  its  direct  course ;  or,  when  made 
to  pass  from  a  good  conductor  to  one  which  is  less  perfect. 

**  Electromotive.  The  power  of  motion  conferred  upon  magnets, 
&c.y  by  electrical  action. 

"  Electron,  or  Elbctrum.  The  former  is  the  Greek,  the  latter 
the  Latin  name  for  amber,  which  being  rubbed,  shows  the  property 
of  attracting  light  substances ;  from  which  word  and  circumstance 
we  derive  the  word  electricity.  Glass,  and  also  gold,  or  an  alloy 
like  gold,  was  by  the  ancients  likewise  called  electrum. 

"  Electro-Negative  and  ELBcrao-PosiTiTE.  Those  bodies 
which,  when  submitted  to  the  action  of  a  galvanic  current,  are  ap- 
parently attracted  to  the  anode,  or  positive  pole  of  the  battery,  are 
called  electro-positive,  or  cathions.  Those  attracted  to  the  cathode, 
are  electro-negative,  or  anions;  they  being  supposed  to  be  in  a  con- 
trary electrical  state  to  the  pole  to  which  they  are  attracted. 

"  Elbctbophorus.  a  simple  instrument,  which,  when  once  ex- 
cited, retains  it  electrical  energy,  which  it  is  ready  to  give  out  con- 
tinually for  a  long  period.  It  consists  of  two  plates ;  Uie  lower  one 
may  be  a  plate  of  tin,  ten  or  twelve  inches  in  diameter,  with  the  edges 
turned  up,  so  as  to  hold  the  following  composition  when  poured  hot 
into  it,  forming  a  cake  when  cold,  of  about  one-eight,  or  from  that  to 
a  quarter  of  an  inch  thick.  The  composition  is,  pitch  1  part;  as- 
phaltum  4  parts ;  and  bees'-waz  1  part ;  or  pitch,  rosin,  and  bees'- 
wax  in  the  above  proportions.  The  upper  plate  may  be  of  wood, 
covered  completely  with  tin  foil,  and  having  a  glass  handle  to  lift  it 
by.  It  is  two  or  three  inches  less  in  diameter  than  the  lower  stand. 
When  to  be  used,  the  instrument  is  to  be  warmed,  the  resinous  plate 
rubbed  with  a  piece  of  warm  flannel,  and  the  upper  plate  put  upon 
it,  its  glass  handle  being  previously  dried.  Lining  up  the  upper 
plate  by  the  handle  the  edge  of  it  will  give  a  spark ;  touch  the  upper 
plate  with  the  finger,  and  put  it  down  again  on  the  other;  upon  lifting 
it  a  second  time,  it  will  give  another  spark,  and  so  on  for  a  consider- 
able period.  The  upper  plate  has  often  a  wire  with  two  pith  balls 
attached  to  it 
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"  Electeo-Pulsatioks.  Electric  curreats  or  shocks,  which  pan 
in  such  rapid  Bacccssion  betweea  the  two  sides  of  a  charged  Leyden 
jar,  or  between  the  poles  of  a  galfanic  battery,  that  the  ahocLa  are 
not  to  be  iadividually  diaUnguiBhed. 

"  Elbctkobcope.  Any  iDstrament  to  indicate  the  disturbance  of 
the  electric  fluids ;  but  not  of  sufficient  accuracy  to  show  the  precise 
amoiint  of  that  disturbance,  such  as  Bennet's  gold-leaf  electroscope 
and  Sauuure'a  pith  ball  ditto. 

"Electrotype.  A  method  of  taking  reverse  fuc-similesof  medals, 
coins,  copper-plates,  seals,  &c.,  by  means  of  the  power  which  voltaic 
electricity  has  of  decomposing  metallic  salts.  A  piece  of  zinc  is 
soldered  at  one  end  of  a  wire,  and  the  medal,  seal,  kc.  (if  a  seal,  or 
other  non-metallic  body,  it  must  be  previonsly  covered  with  black- 
lead),  at  the  other  end,  and  then  the  medal  immersed  in  a  saturated 
solution  of  copper,  aud  the  zinc  end  in  acidulated  water,  there  being 
some  membrane  or  other  porous  substance  between  the  two  solutions. 
This  being  altogether  a  galvanic  circle,  decomposition  of  the  sulphate 
of  copper  wilt  take  place,  and  metallic  copper  be  deposited  on  the 
medal ;  afler  some  honra  the  deposit  will  be  thick  enongb  to  remove, 
and  will  be  found  an  exact  reverse  impression  of  the  medal.  The 
following  cut  shows  three  fonns  of  apparatus : — 


la  Ko.  1,  A  is  a  jelly  pot.  F  a  porous  tube  within  it  c  is  the 
wire,  with  a  bar  of  zinc  inside  the  tube  f,  and  the  lower  end  bent, 
holding  the  medal  d  upon  it.  e  is  a  shelf  surrounding  the  tube  f, 
to  hold  crystals  of  sulphate  of  copper.  No.  S  is  a  square  wooden 
box,  with  a  division  of  plaster  of  Paris  across  it.  No.  3  is  a  glass 
jar,  holding  a  copper-plate  to  be  copied,  and  also  another  copper- 
plate; when  these  are  connected  with  the  poles  of  a  galvanic  battery, 
oneof  the  copper-plates  will  bedissolvcdand  deposited  on  the  other." 
So  also  under  magnetism,  galTaniam,  thermo-electricity,  the  list 
of  words  are  equally  extensive,  and  their  meanings  well  defined.  In 
short,  the  industry  and  talent  which  is  every  where  shown  in  this 
cheap  and  valuable  volume,  merits  the  strongest  encouragement. 
It  sets  the  example  of  simplicity  combined  wi&  scientific  accuiacj, 
and  shows  equally  the  unassuming  character  and  yet  extensive  read- 
.ing  aud  profound  knowledge  of  the  author. 

The   Ninth  Amual  Report   of  the  Royal    Cornwall  Polytechnic 
Society.  London:  Slmpldn  and  Marshall,  Stationers' Hall  Court; 
and  Weale,  S9,  High  Holbom. 
The  Royal  Corawtdl  Polytechnic  Socie^,  whose  annoal  reports 

we  have  r^ularly  noticed  (i»  serenl  yean  past,  is  still  progrMstng 
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in  usefulness,  and  extending  its  sphere  of  action.  The  present 
report  exhibits  a  pleasing  and  animating  picture  of  the  advances 
which  this,  the  most  useful  of  British  scientific  institutions  at  this 
day  in  operation,  is  rapidly  making,  in  cultivating  the  minds^  in 
discovering  the  genius,  in  encouraging  the  invention,  in  stimulating 
the  industry,  and,  consequently,  in  improving  the  general  character 
and  happiness  of  thousands  of  our  fellow  men,  inhabitants  of  its 
extensive  and  peculiar  locality :  as  well  as  in  contributing  essentially 
to  the  general  weal  of  the  British  realms. 

We  shall  present  our  readers  with  a  general  outline  of  the  contents 
of  the  *'  Report "  in  a  future  early  number. 

On  a  simple  and  cheap  Method  of  preparing  Hydrochloric  Add  : 
absolutely  pure,  and  of  any  required  strength.  By  W.  Geeoort, 
M.D.,  Professor  of  Chemistry,  King's  College,  Aberdeen. 

Much  difficulty  is  experienced  in  procuring  pure  and  concentrated 
hydrochloric  acid  for  chemical  purposes  :  die  acid  of  commerce  con- 
taining various  impurities,  particularly  sulphuric  and  sulphurous 
acids,  free  chlorine,  chloride  of  iron,  and  sulphate  of  soda :  these 
arise  from  the  impurities  contained  in  the  materials  employed  in  its 
manufacture.  The  chlorine  from  the  action  of  nitric,  or  nitrous 
acid,  (oilen  present  in  oil  of  vitriol)  or  the  hydrochloric  acid :  sul- 
phurous acid,  from  organic  particles  in  the  common  salt  employed  : 
and  chloride  of  iron  from  the  presence  of  that  metal  also  in  Uie  salt. 
Pure  and  dean  materials  are  therefore  the  first  requisites  for  obtain- 
ing a  pure  acid.  Dr.  Gregory  finds  that,  if  to  one  equivalent  of 
salt,  two  equivalents  of  sulphuric  acid,  diluted  with  a  certain  quan- 
tity of  water  be  used,  instead  of  one  equivalent,  as  usually  prescribed, 
the  whole  of  the  hydrochloric  acid  may  be  expelled  without  a  trace 
of  sulphuric  acid  passing  over,  even  to  the  first  condensing  bottle : 
and  that  two-thirds  of  the  hydrochloric  acid  distil  over  before  water 
is  volatilised.     On  this  observation  the  following  process  is  founded. 

Into  a  common  Florence  flask  are  to  be  introduced  four  ounces 
of  the  purest  patent  salt,  and  five  fluid  ounces  of  sulphuric  acid  of 
specific  gravity  1*600;  a  gentle  heat  is  to  be  applied  and  the  gas 
which  is  thus  generated,  is  to  be  conducted,  by  a  bent  glass  tube, 
into  a  four-ounce  phial,  containing  two  ounces  of  distilled  water,  and 
surrounded  with  snow,  or  ice-cold  water.  No  safety  tube  will  be 
required,  as  the  tube  is  to  be  only  about  one-eighth  of  an  inch 
below  the  surface  of  the  water ;  so  that  should  any  absorption  take 
place,  the  rise  of  a  little  water  in  the  tube  will  expose  the  extremity 
of  it,  so  as  to  admit  air  ;  or,  for  greater  security,  a  small  baU  may 
be  blown  on  the  descending  branch  of  the  tube. 

The  gas  will  be  absorbed  as  fast  as  it  comes  over,  and  for  the  first 
hour  and  quarter  the  heat  will  hardly  require  increasing.  If  the 
temperature  of  the  surrounding  water  be  kept  as  low  as  50*,  the 
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two  ounces  of  distilled  water  will  increase  in  Yolume  to  about  three 
ounces  of  colourless  hydrochloric  acid,  foaming  strongly,  and  have  a 
specific  gravity  of  1*20  to  1*21,  the  gas  passing  over  so  dry  that  no 
part  of  the  tube  will  become  warm.  The  first  portion  being  re- 
moved, its  place  is  to  be  supplied  by  two  ounces  more  of  distilled 
water,  and  the  heat  gradually  increased  for  an  hour  longer  :  at  the 
expiration  of  which,  all  the  hydrochloric  acid,  with  some  water,  will 
be  expelled,  and  the  two  ounces  of  water  have  become  three  ounces 
of  hydrochloric  acid,  of  specific  gravity  1*10.  Both  j>ortions  are 
absolutely  pure.  If  three  ounces  of  water  be  used  in  the  first  in- 
stance, four  and  a  half  fiuid  ounces  of  acid,  specific  gravity  1*165 
would  be  obtained :  and  then  replacing  this  acid  by  two  ounces  of 
dutilled  water,  three  and  a  half  ounces  more  acid,  of  specific  gravity 
1.065,  would  be  obtained.  Should  five  ounces  of  water  be  used 
for  the  first  condensation  of  the  fumes,  and  continued  till  the  dis- 
tillation be  complete,  seven  and  a  half  fiuid  ounces  of  acid,  of  specific 
gravity  1.155  would  be  the  result. — Proceedings  of  Chemical 
Society. 


Preparation  of  Chloride  of  Zinc,     By  M.  Riouieri.* 

Take  of  pure  crystallised  chloride  of  bariiun  80  parts :  pure 
sulphate  of  zinc  98*6  parts ;  and  distilled  water  1 ,500  parts.  Divide 
the  water  into  two  equal  parts,  and  in  the  one  dissolve  the  chloride 
of  barium,  and  in  the  other  the  sulphate  of  zinc.  Mix  the  two 
solutions  in  a  mattrass,  and  hasten  the  decomposition  by  the  heat  of 
a  sand-bath,  applied  for  a  few  minutes.  Filter  the  liquid  and  eva- 
porate on  the  sand-bath  until  about  60  parts  only  of  the  liquor 
remain ;  which  must  be  passed  through  a  fresh  filter  on  which  is 
placed  some  animal  charcoal  mixed  with  a  little  powdered  chloride 
of  barium.  After  this  last  filtration  the  chloride  is  to  be  again 
evaporated,  until  the  formation  of  brilliant  white  crystalline  fiocks ; 
which,  when  dry,  are  to  be  preserved  in  a  well  closed  vessel. 


Atomic  Weight  of  Zinc. — By  converting  zinc  into  an  oxide 
through  the  agency  of  either  the  nitric  or  the  sulphuric  acid,  and 
afterwards  recovering  the  metal  by  heat,  M.  Jacquelain  has  been 
enabled  to  determine  the  weight  of  the  oxide  of  zinc,  and  appoint 
the  atomic  weight  of  the  metal ;  which,  according  to  his  account,  is 
414  ;  which  is  greater  than  previously  supposed. 

M.  Jacquelain  has  analysed  a  specimen  of  commercial  zinc,  and 
h^  found  in  100  parts,  99*19  of  pure  metal,  the  other  being  carbon, 
iron,  and  lead,  the  last  being  the  principal  adulteration. — Comp- 
tes  Rendus. 

•  J9urmal  de  Ckimie  MitUctdt^  1842. 
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Memoir  on  Magnetism.^     By  M.  F.  Savary. 
(Read  at  the  Academy  of  Sciences,  July  Slst,  1826.) 

Previous  to  the  exposition  of  the  pheDomena  wbidi  form  the 
sabject  of  this  memoir,  I  believe  it  is  my  duty  to  recall  the  recent 
discoveries  that  have  served  me  as  a  starting  point,  and  some  of  the 
experiments  to  which  they  have  given  birth. 

It  is  only  a  few  years  ago  when  no  other  cause  of  magnetization 
was  known  than  the  influence  of  bodies  already  magnetized,  and  the 
magnetic  force  of  the  terrestrial  globe.  To  this  latter  action  was 
attributed  by  many,  not  only  the  effects  of  the  shock,  but  of  the 
thunderbolt,  and  the  accidental  magnetism  without  constant  direction 
observed  by  Franklin,  Van  Marum,  Priestley,  and  other  philosophers, 
in  the  fragments  of  iron  wire  traversed  and  broken  by  a  strong 
electrical  discharge. 

In  1820,  a  short  time  after  the  discovery  of  (Ersted,  M.  Arago 
observed  that  iron  filings  are  attracted  and  sustained  by  the  wire 
which  joius  the  poles  of  an  electro-moving  apparatus;  that  they  are 
detached  the  instant  that  the  communication  is  interrupted  ;f  that 
the  current  gives  to  steel  needles  a  permanent  magnetism,  In  a 
determined  direction,  perpendicular  to  its  own  proper  direction,  inde- 
pendent of  the  magnetic  action  exercised  by  the  earth ;  and  that  two 
needles,  parallel  to  each  other,  forming  with  the  conducting  wire  a 
right  angle,  placed  at  equal  distances  on  each  side  of  this  wire, 
acquire  the  same  degree  of  magnetism,  but  in  opposite  directions. 

M.  Ampere,  who  since  that  time  represented  a  magnet  by  a  system 
of  closed  currents,  perpendicular  to  the  magnetic  axis,  proposed  to 

*j4nnale3  de  Chifnie  et  de  Physique^  tome  34. 

t  M.  Arago  has  sometimes  found  that  the  filings  became  attached  eren  to 
a  platinam  wire,  some  instants  after  the  communication  bad  been  broken. 

Ann.  of  Eke.  Vol.  IX,  No.  52,  October,  1842.  a 
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roll  the  wire  of  the  conductor  as  a  helix.  The  result  was  such  as 
he  had  expected,  as  to  the  energetic  action  of  these  helices  to  magne- 
tize parallel  to  their  axis  a  needle  enveloped  in  their  spirals. 

M.  Arago  recognized  that  in  the  interior  of  a  helix,  sufficiently 
long  in  relation  to  its  diameter,  and  of  a  very  short  interior  diameter^ 
ileedles  parallel  to  its  axis,  but  distributed  in  any  manner  whatever, 
acquired  magnetic  intensities  sensibly  equal.  At  the  exterior  the 
same  helix  has  very  little  magnetizing  power,  still  less  when  it  is 
longer  and  the  spirals  are  nearer  to  each  other.  It  is  easy  to  repre- 
sent these  results  by  means  of  the  analytic  law  proposed  by  M. 
Ampere  for  the  mutual  action  of  two  elements  of  the  currents. 

In  these  experiments,  voltaic  currents  only  were  employed.  M. 
Arago  soon  made  known  a  species  of  analogous  action,  but  differing 
in  many  respects.  He  found  that  currents  of  ordinary  electricity, 
produced  by  friction-machines,  possess  the  property  of  rendering 
steel  magnetic,  as  soon  as  on  interrupting  the  conductor  the  fluid 
was  forced  to  flow  off  in  a  series  of  small  sparks ;  that  a  continuous 
current,  when  it  flows  off  into  the  earth  by  a  long  metallic  wire, 
produces  no  magnetism  in  steel  and  exercises  no  attraction  on  irou 
filings. 

M.  Rodolfi,  a  long  time  ader,  announced  that  on  making  a  com- 
munication between  the  cushions  and  the  conductor  of  an  excellent 
electrical  machine  by  means  of  a  helical  wire,  he  succeeded  in 
magnetizing  steel  needles  by  the  action  of  the  continuous  current 
(tacita  carrente)  that  traversed  the  wire. 

By  electrical  discharges,  as  also  by  the  pile,  the  direction  in  which 
magnetism  is  developed  is  perpendicular  to  the  direction  of  the 
conducting  wire. 

A  useful  application  of  this  important  property,  which  he  had 
discovered  afterwards,  presented  itself  to  M.  Arago.  Magnetism 
furnished  him  with  a  very  simple  and  exact  means  of  comparing  the 
eonductibility  of  different  bodies,  for  the  electric  fluid  accumulated 
up  to  high  tensions  and  on  large  surfaces.  This  method  not  having 
yet  been  published,  he  has  readily  permitted  me  to  give  a  description 
of  it  here. 

Let  us  suppose  a  conductiuK  wire  setting  out  from  the  exterior 
armature  of  a  battery,  that  it  be  rectilinear  in  one  portion  of  its 
extent,  that  it  then  becomes  ramified  in  a  certain  number  of  branches 
of  the  same  metal,  all  of  equal  diameter,  form,  and  length,  and  that 
they  re-unite  in  one  common  point  We  then  place  transversely  on 
the  straight  part  of  each  wire,  before  and  after  the  ramification,  some 
steel  needles,  and  then  pass  a  discharge  through  the  whole  system. 
It  will  traverse  the  first  conductor  entirely,  and  become  divided 
amongst  the  different  branches  in  equal  portions.  The  magnetism 
of  the  needles  placed  on  the  first  wire  will  then  be  the  measure  of 
the  effect  produced  by  the  total  quantity  of  electricity  :  the  magne- 
tism of  the  needles  placed  on  the  ramifying  wires,  the  measure  of 
the  effect  by  a  certain  fraction  of  that  quantity ;  the  tliird,  if  (here 
are  three  branches;  the  tenth,  if  there  are  ten.    We  shall  thus  form 
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a  scale  of  magnetic  intensities,  in  relation  to  anv  fraction  whatever 
of  a  given  discharge.  If  afterwards,  substituting  at  the  different 
branches,  all  of  the  same  metal,  similar  wires  of  different  metals,  we 
pass  a  discharge  through  this  new  system,  a  second  discharge 
equal  to  that  the  action  of  which  is  known,  it  will  become  unequally 
divided  among  the  different  wires,  and  similar  needles  placed  trans- 
versely on  each  of  them  will  indicate  by  the  deg^ree  of  their  magne- 
tism, whether  one  metal  has  transmitted  the  third,  another  the  fourth, 
or  another  the  tenth  of  the  total  quantity  of  electricity. 

Since  the  researches  of  M.  Arago,  M.  Nobili  has  published  some 
interesting  experiments  on  magnetism.  One  of  them  consists  in 
making  either  an  electrical  discharge  or  a  current  from  a  pile  (M. 
Nobili  has  never  separated  the  two  methods  of  magnetizing) 
traverse  a  spiral  plane  of  copper  wire.  If  between  any  of  the 
isolated  spirals  we  fit  perpenaicularly  to  their  plaue  some  steel 
needles,  we  find  that  the  needles  situated  near  the  centre,  and  the 
needles  near  the  circumference,  are  magnetized  in  a  contrary 
direction ;  and  that  consequently  at  a  certain  distance  from  the 
centre  the  magnetism  is  neutral.  It  was  easy  to  foresee  tliis  result, 
since  after  the  long  and  well  known  action  of  connecting  wires,  the 
spirals  comprised  between  the  centre  and  a  needle  exercise  on  it  a 
contrary  action  to  the  exterior  spirals. 

I  have  repeated  the  experiment  of  M .  Nobili  in  order  to  obtain 
some  series  of  exact  measures,  and  I  have  found  that  the  distance 
from  the  centre  at  which  there  is  no  magnetism  produced,  at  least 
by  a  feeble  pile,  may  be  calculated  with  sufficient  precision  by  the 
formula 


f^-P-/f'-^' 


=  % 


t  represents  the  vector  ray,  w  the  angle  from  the  centre  for  any 
point  whotever  of  the  spiral,*  r,  the  distance  of  the  extremities  of 
the  needle  at  this  point,  a  and  R  the  same  quantities  relative  to 
the  exterior  circumference,  by  which  we  may  suppose  the  spiral  to 
be  terminated  .  This  formula  is  founded  on  the  analytic  law 
proposed  by  M.  Ampere. 

And  then,  as  to  the  magnetic  actions  of  otlier  bodies  besides 
iron,  until  the  brilliant  discovery  of  M.  Arago,  we  only  knew  of 
the  experiments  of  Coulomb,  who  himself  regarded  the  conse- 
quences as  doubtful ;  and  the  traces  of  magnetism  observed  by  M. 
Ampere  in  copper  wires  submitted  to  the  action  of  a  very  powerful 
voltaic  current,  or  by  M.  Becquerel  in  small  needles  of  different 
substances,  enveloped  in  the  spirals  of  an  energetic  multiplier.  I 
pass  now  to  the  exposition  of  the  researches  to  which  I  have 
devoted  myself,  on  the  diffexent  means  of  magnetizing  already 

*  Or  rather  the  ray  from  a  circumference  of  the  circle  passing  by  this 
point  with  which  the  entire  spiral  is  sensibly  oonfonnded,  the  Umits  are 

6»    ==    o    ;    t    =    o 

<tf    =    IT       t    r=    a 

r2 


260  Memoir  on  Magnetism, 

referred  to,  Id  which  researches  I  have  had  the  advantage,  which 
will  be  easily  perceived,  of  being  sustained  by  the  kindness  and 
the  counsel  of  M.  Arago. 

I  shall  occupy  myself  at  first  on  the  magetizing  action  of  elec- 
trical discharges  transmitted,  first  by  rectilinear  conducting  wires, 
second  by  helical  wires ;  I  shall  afterwards  explain  the  influence 
which  the  other  metals  besides  iron  and  steel  undergo  and  exercise 
in  this  phenomena ;  and  lastly,  I  shall  speak  of  analogous  actions, 
produced  by  the  continuous  currents  of  the  pile  of  Volta,  and  by 
magnets  themselves. 

On   the    Action  of  Electrical   Discharges    Transmitted    by 

Rectilinear  Conducting  Wires, 

The  following  experiments  having  for  their  object  the  making 
known  of  the  general  phenomena  produced  by  very  energetic 
actions,  I  was  obliged  to  employ  very  fine  needles.  They  were 
disposed  in  horizontal  directions  at  different  heights  perpendicularly 
to  the  wire,  which  was  extended  in  a  right  and  horizontal  line,  their 
middle  corresponding  vertically  to  this  wire.  For  this  end  it  is 
advantageous  to  fix  them  along  the  edge  of  a  plane  very  slightly 
inclined,  in  such  a  manner  that  the  first  being  in  contact  with  the 
conductor  the  others  are  a  little  removed  from  it  but  almost  insensibly, 
and  are  still  found  to  be  sufficiently  spread  to  prevent  tlieir  mutual 
influence  having  any  appreciable  power. 

I  now  proceed  to  transcribe  the  result  of  some  experiments ;  each 
of  which  was  repeated  several  times,  and  all  agreed  in  a  satis- 
fying manner. 

I  took  a  platinum  wire  oi  \  of  a  millimetre  in  thickness,  and 
about  two  inches  long.  It  was  extended  in  a  right  line  at  a 
distance  of  more  than  a  centimetre  from  the  ruler  which  served  to 
support  it.  The  needles,  tempered  hard,  were  ^  of  a  millimetre  in 
diameter,  and  15  millimetres  in  length.  After  having  magnetized 
them  by  the  discharge  of  a  battery  of  twenty-two  feet  surface, 
which  was  still  far  from  being  charged  to  saturation,*  they  were 
made  to  oscillate.  I  shall  indicate  the  direction  of  the  magnetism 
developed  in  each  needle  by  calling  those  needles  positively  mag- 
netizea  whose  poles  are  placed  in  the  direction  in  which  the  current 
of  a  pile  traversing  the  conducting  wire  would  have  deflected  them 

*  TheindicatioD9  of  the  electrometer  are  not  given  here  because  they  conld 
not  be  made  use  of  to  show  whether  two  discharges  slightly  differed  from 
each  other.  I  have  since  employed,  as  an  exact  measure  of  tension,  the 
balance  of  Conlomh,  with  this  alteration,  that  the  needle  carrying  the  mwe- 
able  disc,  instead  of  being  glass,  is  metallic ;  the  fixed  ball,  instead  of  being 
insulated,  is  supported  by  a  thin  stem  of  metal :  then,  by  means  of  the  silver 
wire  to  which  the  moveable  needle  is  suspended,  we  establish  an  exterior 
communication  between  the  moveable  disc  and  the  fixed  ball.  If  afterwards 
we  make  the  whole  system  communicate  with  the  interior  armature  of  a 
battery,  the  distances  to  which  the  disc  is  repulsed  indicate  at  each  instant 
the  state  of  the  electrized  surface.  This  apparatus  thus  modified  possesses 
all  the  desirable  precision. 
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if  they  had  had  a  previous  mafi^netisDi,  and  which  if  suspended  ahove 
this  wire,  would  have  no  power  to  move  except  in  horizontal  planes. 
This  direction  is  the  same  whatever  be  the  distance  of  the  needle 
from  the  wire.  We  must  understand  by  the  yfor^'&tneedUesnegative' 
ly  magnetized,  those  whose  poles  will  be  deflected  in  a  contrary 
clirection.  This  admitted,  I  now  give  the  times  of  the  observed 
oscillations  : 


Ist  needle  in  con- 
tact with  the 
wire  during  the 
discharge     .. 

2  during  the  dis- 
charge had  . . 


Duration  of  60 
oscillations. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


1 
2 
3 
5 
6 

7 

8 

9 

10 

11 

12 

13 

16 

18 

21 

23 

28 

34 

46 

70 

100 

130 


MUl. 

2  of  wire 

d  •  •  •  • 


m. 
0 


8. 

52 


Direction  of  the 
magnetism. 


Positive. 


7 
0 
0 
4 
5 
7 
9 
8 
5 
8 
3 
7 

0 
8 
5 
0 
0 
0 
0 
0 


•  • .  • 


•  •  •  • 


a  •  •  • 


•  •  •   • 


•  •  •   • 


•  •  4  • 


1 
1 

0 
0 
0 
0 
0 

1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 


3 
12 
44 
40 
41 
44 
58 
20 
52 
18 

1 
49 
38 
33 
31 
29 
30 
29 
35 
55 
27 
48 


8 
8 
6 
0 
8 
8 
2 
1 
0 
6 
0 
6 
2 
8 
.3 
5 
8 
8 
9 
6 
6 
0 


id. 
Negative. 

id. 

id. 

id. 

id. 

id. 

id. 
Positive. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 


We  see  that  the  direction  of  the  magnetism  produced  by  the  dis- 
charge has  changed  twice ;  the  first  at  about  two  millimetres  of  wire ; 
the  second  at  nearly  10  "^'  4  The  maximum  for  the  needles  nega- 
tively magnetized,  is  found  at  6  ""^  of  wire.  The  maximum  of  the 
positive  needles  are,  the  one  in  contact  with  the  wire,  the  otlier  at 
about  3  *^'''  in  height  At  this  latter  maximum  the  needle  made 
60  oscillations  in  29^^  7.  On  being  magnetized  to  saturation  by 
strong  magnets,  it  made  sixty  oscillations  in  about  23^'.     No  dis- 

*  The  needles  during  the  discharge,  were  about  2  cent,  from  each  other ; 
and  as  the  latter  ones  wonld  have  Wn  too  near  the  extremities  of  the  wire 
if  they  had  only  a  single  support  slightly  inclined,  they  were  disposed  on  se- 
veral parallel  planes  between  them,  and  invariably  connected. 
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charge  within  the  limits  I  had  in  my  power  of  employing,  produced 
this  state  of  saturation,  the  conducting  wire  remaining  the  same  and 
of  the  same  length. 

The  needles  as  strongly  magnetized  in  one  direction  as  in  the  other 
did  not  present  either  consequent  points  nor  multiple  centres.  This 
may  easily  be  proved  by  examining  the  curves  formed  around  them 
by  iron  filings.''^ 

By  submitting  to  the  same  discharge  needles  of  the  same  degree  of 
hardness  and  of  the  same  diameter,  but  of  very  different  lengths, 
15-^,  10"*"-,  and  of  6"^;  we  find  that  the  distances  from  the  wire 
at  which  the  changes  in  the  sign  takes  place,  do  not  differ  from  two 
or  three-tenths  of  a  millimetre ;  that  is  to  say,  quantities  for  which 
we  can  scarcely  answer  in  the  first  experiments. 

As  a  second  example  I  took  a  wire  of  half  the  length  (1  metre), 
of  the  same  platinum  wire.  For  a  similar  discharge  to  the  preced- 
ing one  the  form  of  the  series  of  magnetic  intensities  is  thus,  as  we 
shall  see,  entirely  changed. 

NeedlM  of  IS  mllL  in     DbUnoe  of  wlro        Dnration  of  60  I>irectl8nof  the 

length.  during  the  owdllatione.  magnetiam. 

dischjurge. 

f  1  St  needle  in  con-^  mul  m.  ■. 

tact  with  the  >0  0  ....  0  3  1  ....  Positive, 

wire J 

2  1  1  ....  2  29  0  ....  Negative. 

In  another  series  at  1  4  ....  1  48  3  ....  id. 

3   2  0  ....  Without  appreciable  magnetism. 

4  3  0  1  25  6  ..*.  Positive. 

5   4  3  1  5  6  ....  id. 

6 5  5  ....  1  3  0  •...  id. 

7   6  7  1  13  6  id. 

8   8  0  1  32  2  id. 

9. • 8  o  ••..  3  8  0  ....  n^^c. 

10   9     6     ....     1     34     8     ....     Negative. 

11    10  5  1  17  2  id. 

12   12  3  1  1  2  id. 

13   13  5  0  56  4  id. 

14 14  6  0  56  0  id. 

*  I  have  endeavonred  since  the  reading  of  this  memoir  to  determine  the 
position  of  the  poles  by  sliding  small  needles,  suspended  horizontally,  along 
a  very  fine  copper  wire,  vertical,  and  traversed  by  a  voltaic  current.  We 
know  that  at  tne  poles  themselves  the  action  of  the  wire  for  making  the  needles 
tnm  is  null,  and  that  on  both  sides  of  these  points  it  is  exercised  in  a  contrary 
direction.  We  find  also  that  for  very  different  intensities  they  are  always 
strong  near  the  extremities,  and  suddenly  approach  the  centre,  when  tne 
magnetism  is  on  the  point  of  changing  its  sign,  as  if  the  middle  needles  alone 
preserved,  at  that  time,  any  magnetism.  We  may  conceive  by  that  how  the 
direction  in  which  these  needles  are  magnetized  by  the  discharge  hardly  de- 
pends on  their  length.  It  yet  remains  for  me  to  submit  them  to  a  later  species 
of  proof  to  whidi  I  have  submitted  the  needles  magnetized  in  helices,  tnat  is 
to  study  the  magnetism  of  their  fragments  after  having  broken  them. 

t  This  needle  presented  at  its  extremities  traces  of  multiple  centres. 
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NeedlM  of  15  mill,  in      DitUneeofwin  Duration  of  60  Direction  of  the 

length.  during  the  otcillations.  magneUsm. 

diecharge. 

15th  needle  in  con-^     miu.  m.  •. 

tact  with  the  >  15  7  0  59  4  ....  Negative. 

wire    J 

16 16  9  ....  1  3  0  ....  id. 

17 18  2  1  5  0     id. 

18   19  1  ....  1  16  8    id. 

19 20  0  1  34  2     id. 

20 20  9  2  29  0  ....  id. 

21    21  4  ....  Ahnost  null  ....  gUgfatly  negatlTe. 

22 23  3  ....  1  23  7  ....  Positive. 

23   32  7  ....  0  41  4  ....  id. 

24 44  0  0  34  0     id. 

25   70  0  0  43  2     id. 

26 100  0  1  2  2  ....  id. 

27 130  0  1  28  2     id. 

This  series  presents  four  changes  in  the  direction  of  the  magnet- 
ism. The  first  takes  place  at  less  than  a  millimetre  from  the  wire; 
the  second  at  2"^  ;  ihe  third  at  8»™-,  4;  the  last  at  21  ■^,  6.  We 
see  that  needles  which  were  negative  in  the  first  series  are  positive  in 
this,  and  vice  vena.  The  latter  maxinmm,  which  is  found  at  the 
height  of  3  *•*%  is  4§  ''•"*•.     Its  value  is  less ;  it  being  only  34''. 

in  the  same  circumstances,  for  needles  ten  millimetres  long,  the 
same  chanG:es  of  signs  take  place  at  0"*"-,  6;  2-*"*,  5 ;  9"*^,  5 ;  and 
about  20"^,  6.  For  needles  of  five  millimetres  in  length,  at  O"*"*,  6; 
about  3"^-,  2;  10"^,  5;  and  about  twenty  millimetres.  These 
distances  are  almost  the  same  as  were  obtained  with  needles  of 
fifteen  millimetres. 

I  now  proceed  to  a  third  example.  For  the  same  distance  charge 
a  platinum  wire,  rather  thicker  than  the  preceding  one,  of  0"^,  37 
diameler,  and  of  the  same  length  (one  metre),  gave  changes  in  the 
sign  four  times^  nearly  at  the  distances  of  three,  five,  nine,  and 
twelve  millimetres  from  the  wire.  From  thence  up  to  2**°**  we  only 
find  the  needles  very  feebly  magnetised ;  between  which,  with 
stronger  discharges,  a  third  period  was  manifested,  except  at  the 
changes  of  the  signs,  at  least  by  the  variations  of  the  intensity,  just 
as  I  have  observed  it  in  a  series  obtained  with  a  brass  wire  of  an 
equal  sensible  diameter.  For  the  platinum  wire  of  which  I  have 
just  spoken,  the  needle  the  most  magnetized  was  that  found  at  a 
distance  of  about  6^'*  from  the  wire.  It  took  56''  to  make  sixty 
oscillations.  The  needle  possessing  the  most  magnetism  for  a  finer 
wire,  and  of  the  same  length  as  before  specified,  made  the  same 
number  of  oscillations  in  34^,  and  was  at  a  distance  of  ^\^^^  from 
the  wire.* 


*  On  the  same  platinum  wire  of  0"^ ,  57  diameter,  bat  0 »•*• ,  65  lengths 
only,  and  for  a  discharge  stronger  than  the  preceding  ones,  small  needles  of 
five  millimetres  have  changed  the  direction  of  their  magnetism  five  times ; 
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In  order  to  finish  the  comparison  between  diflferent  platinum  wires 
1  chose  one  much  finer  than  the  preceding  ones.  It  was  i  of  a 
millimeter  in  thickness.  A  meter  in  length  of  this  wire,  with  a  dis- 
charge equal  to  the  preceding  one,  gave  the  following  results : — 


Needles  of  15  mUl.  in 
length. 

1st  in  contact  with 

Distanoe  from  the 

wire  during  the 

discharge. 

Mill. 

Duration  of  60 
oscillations. 

m.       s. 

Direction  of  the 
magnetism. 

the  wire 

0      0      

0     34     4     .. 

. .     Positive. 

2   

1  2      .... 

2  6     .... 

0     25     2     ... 
0     24     1     ... 

id. 
id. 

3   

4 

5     0     

0     24     3     ... 

id. 

5   

7     4    .... 

0     24     0     ... 

id. 

6   

9     7    .... 

0     23     3     ... 

id. 

7   

12     0     

0     23     5     ... 

id. 

8   

15     1     

18     5     .... 

0     24     9    ... 
0     27     0     .., 

id. 
id. 

« 

9   

10   

22     5     

28     0     

34     0     

45     0     .... 
70     0    

0     25     8     ... 
0     27     0     .., 
0     30     9     .. 

0  37     6     .. 

1  18.. 

id. 
id. 
id. 
id. 
id. 

11    

12   

13   

14 

15   

100     0     

1     37     2     .. 

id. 

16  

130     0     2       0     5     id. 

Its  no  changes  in  the  siirn.    At  the  commence- 

« 

ment  the  variations  of  intensity  are  scarcely  observable.  It  is 
important  in  this  respect:  1st,  the  maximum  of  magnetic  intensity 
is  found  at  the  height  of  11  "^^  about  five  times  nearer  the 
wire  than  when  we  employed  a  platinum  wire  three  times  as  thick ; 
2nd]y,  this  maximum  is  the  state  of  saturation  which  we  obtain  by 
the  magnets,  and  its  value  is  nearly  six  times  greater  than  the  value 
given  by  a  wire  of  triple  its  diameter.  At  the  same  time  that  the 
maximum  approaches  the  wire  the  decrease  of  the  intensities  of  this 
maximum  from  thence  becomes  more  rapid. 

If  we  pass  through  a  wire  |  of  a  millimetre  in  thickness  and  one 
metre  in  length,  a  series  of  discharges,  diminishing  their  strength  by 
degrees,  we  should  see  the  maximum  very  slowly  diminish  as  it 
approached  the  conductor ;  but  we  never  obtain  changes  in  the  sign 
of  the  magnetism,  and  never  any  analogous  series  to  those  presented 
by  the  other  wires.  On  the  other  hand,  by  gradually  diminishing 
the  discharges,  we  never  obtain  with  the  other  thicker  wires,  and  of 
the  same  length,  the  series  just  presented  to  us  by  the  finest  wire. 
The  changes  of  sign  quite  disappear  then,  and  we  only  observe  vari- 
ation of  intensity  in  their  place,  but  at  the  same  time  the  value  of 
maxima  diminish  in  proportion  as  they  are  found  at  less  heights. 

the  last  change  took  place  at  twenty-eight  millimetres  from  the  wire.  The 
needles  in  contact  with  the  wire  were  even  magnetized  negatively,  and  the 
roost  magnetized  of  all.  It  was  nece«Bry  to  remove  to  a  distance  of  10  *^'- 
from  the  wire  to  obtain  a  slight  degree  of  magnetism. 
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If,  on  the  contrary,  we  cause  to  traverse  these  wires  of  a  still  greater 
diameter,  without  changing  their  lengths,  discharges  of  a  stronger 
character  than  those  whose  effects  have  been  described  in  the  pre- 
ceding paragraph,  we  shall  see  the  maximum  of  magnetism  augment 
a  little  in  value ;  but  this  is  by  increasing  the  distance  more  and  more, 
and  the  series  changes  in  form,  but  without  coming  into  any  of  the 
other  series,  at  least  in  the  limits  of  the  electric  force  of  the  battery 
employed. 

In  the  preceding  experiments  a  given  discharge  has  always  pro- 
duced a  magnetism  as  much  stronger  as  the  length  of  the  wire  was 
greater  in  proportion  to  its  diameter.  This  increase  has  a  limit  to 
its  effect.  The  following  series  gives  for  a  similar  discharge,  but 
much  more  feeble  than  the  preceding  ones,  their  lengths  of  the  same 
platinum  wire  of  i  of  millimetre  in  diameter. 

Length  of  the  wire  0  "^  50. 


Needlee  of  16  mm.  in 
length. 

1 

Distance  from  the 
wire  during  the 
discharge. 
Mill. 

.       0     4     .... 
.       1     3    .... 
a        2     5     .... 
.       5     0     

.                6          1          aaa. 
a                 7           6           aaaa 

Dnratien  of  60 
oiidllatlons. 

m.       s. 

10     0     

1           57          5          ...a 

0  54           0           aaa. 

1  21           6          aaa, 
1           28          8          aaa. 
0          47          2          a... 

Direction  of  the 
magnetiam. 

Positive. 

2    . 

Negative, 
id. 

3   . 

4   . 

id. 

5   . 

.     Positive. 

6   . 

id. 

7       a 

.                 9 

0 

0 

37 

9          a.., 

id. 

8       a 

a            11 

4 

0 

31 

7           ..a 

id. 

9  . 

a             13 

8 

0 

29 

4          aaa 

id. 

10       a 

a            21 

0 

0 

29 

8          aaa 

id. 

11        . 

.     33 

a           44 

0 
0 

0 
0 

34 
45 

2           aaa 

6           ... 

id. 

12       a 

id. 

A  needle  placed  at  a  considerable  distance  frpm  the  third,  and 
apparently  at  the  same  distance  from  the  conducting  wire,  was 
equally  negative,  and  made  60  oscillations  in  54^^  8. 

Length  of  the  same  wire  1  "•*•  0,  and  4  ""^  30. 


Needlea 

lAmiU. 

long. 


1 
2 
3 

4 
5 
6 

7 
8 


Distance 

from  the  wire 

during  the 

discharge. 

Duration  of  60 
oecillatlona. 

Length  of  wire. 

Direction  of  the 
magnetism. 

• 

!-«• 

4  -•*•  3C 

K 

Mill. 

m. 

8. 

m. 

B. 

0      0 

1 

6 

4 

0 

39 

8 

Positive. 

1     2   .... 

0 

31 

6 

0 

29 

8 

do. 

5     0 

0 

25 

5 

0 

26 

1 

do. 

8     5 

0 

25 

5 

0 

29 

9 

do. 

11     4   .... 

0 

24 

6  i  0 

36 

7 

do. 

22     6 

0 

31 

4 

1 

12 

2 

do. 

34     0   .... 

0 

44 

0  t   1 

58 

5 

do. 

45     0 

1 

6 

2 

2 

26 

5 

do. 
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We  see  in  comparing  the  three  preceding  series,  Ist,  that  the 
wire  of  a  metre  in  length  gave  absolntely  the  most  elevated  maxi- 
mum ;  2ndly,  that  the  relative  maxima  in  each  series  were  found 
nearer  the  wire  in  proportion  as  this  wire  was  increased  in  length, 
the  diameter  still  remaining  the  same. 

In  general,  with  the  same  battery,  and  with  wires  of  the  same 
nature,  and  with  similar  needles,  the  form  of  the  series  depends  on 
three  things :  the  intensity  of  the  discharge,  the  diameter,  and  length 
of  the  wire.  The  discharge  and  the  length  of  the  wire  being  made 
constant,  there  is  a  diameter  at  which  tlie  maximum  of  magnetism 
has  the  highest  value ;  for  diameters  greater  or  smaller  than  this 
the  maximum  is  less.  The  discharge  and  the  diameter  being  kept 
the  same,  we  find  a  length  at  which  the  maximum  is  greater  than 
for  any  other  length  either  greater  or  smaller. 

The  length  and  the  diameter  which  thus  give  the  greatest  degree 
of  magnetism,  is  the  one  which  is  the  smallest,  and  the  other  that 
which  is  the  greatest,  in  proportion  as  the  wire  has  less  conducting 
properties. 

The  maximum  of  magnetism  is  further  from  the  wire,  the  number 
of  changes  in  the  sign  in  the  interval  much  more  considerable,  as 
the  length  of  the  wire  is  less  in  proportion  to  its  diameter. 

We  obtain  similar  series  by  means  of  equal  discharges,  by  varying 
at  once  the  length  and  the  diameter  of  the  wire  in  a  certain  propor- 
tion.'*^ When  the  length  and  the  diameter  of  two  wires  are  not 
satisfactory  on  this  point,  we  can  not  in  general,  by  means  of  dis- 
charges, either  equal  or  different,  obtain  from  the  two  wires  exactly 
parallel  series.  The  disparity  is  especially  manifested  when  the 
wires  and  the  discharge  are  in  the  necessary  conditions  for  producing 
change  in  the  sign  of  the  magnetism  with  a  change  of  distance. 

I  have  not  yet  made  a  complete  series  with  wires  whose  thickness 
was  less  than  a  millimetre.  But  I  am  convinced  that  a  brass  stem 
of  five  millimeties  in  thickness,  will  give  needles  magnetized  in 
different  directions  according  to  the  intensity  of  the  discharge. 

Hence  that  part  of  the  conducting  wire  extended  in  a  right  line 
to  a  sufficient  length,  and  the  form  of  that  part  which  is  not  so 
extended,  exerts  no  influence  on  the  magnetism,  whilst  its  length 
does  so  to  a  considerable  extent,  as  we  have  just  seen. 

All  the  points  of  the  wire  exercise  equal  actions,  at  least  in  these 
inconsiderable  lengths.  In  fact,  at  the  same  height,  those  needles 
which  were  at  a  great  distance  from  each  other,  providing  that  they 
were  not  too  near  the  extremities  of  the  rectilinear  part,  received 
exactly  the  same  quantity  of  magnetism,  and  in  the  same  direction. 
This  is  true  again  when  amongst  the  needles,  some  of  them  are 

*  Thia  proportion  differs  Bensibly  from  the  simple  proportion  which,  ac- 
cording to  the  researches  of  M.  Davy  and  M.  Becqnerel,  onght  to  exist 
between  two  conducting  wires  of  the  same  nature,  because  tb^  transmit 
witb  an  equal  intensity  a  voltaic  current  of  equal  strength.  We  know  then 
that  the  relation  of  these  wires  to  their  transverse  sections  ought  to  be 
constant. 
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enveloped  in  glass  tubes,  sealed  with  gum  lac,  and  the  others  exposed 
without  envelope  to  the  action  of  the  current.  This  latter  proof  is 
only  a  repetition  of  one  of  the  first  experiments  of  M.  Arago.  It 
does  not  permit  me  to  suppose  that  a  part  of  the  discharge,  when 
the  wire  is  very  fine,  is  transmitted  by  the  air  and  the  neighbouring 
bodies,  or  at  least  that  such  a  part  could  have  any  sensible  influence. 
In  fine,  in  order  to  discard  the  supposition  that  the  strips  of  dry  wood 
placed  under  the  wires  could  exert  any  influence,  it  will  suffice  to- 
dispose  the  needles  some  above  and  some  below  the  horizontal 
conductor,  in  such  a  manner  that  the  latter  are  very  near  the  plane 
which  serves  for  a  support.  We  find,  as  we  might  easily  foresee,  at 
equal  distances  from  all  parts  of  the  wires  that  there  is  the  same 
magnetic  intensity  and  contrary  polarities. 

In  order  to  study  the  mutual  influence  of  the  different  parts  of  a 
circuit,  I  disposed  three  series  of  needles  of  three  brass  wires,  placed 
one  ailer  the  other,  and  joined  together  at  their  extremities.  Each 
wire  was  a  metre  in  length :  the  first,  situated  between  the  two  others, 
0^-,  125,  the  second  0"^,  376,  the  third  Qr^-,  75,  in  diameter.  The 
first  needle  had  a  maximum  of  positive  intensity,  which  gave  60 
oscillations  in  36^';  for  the  finest  and  farthest  insulated  wire,  the 
maximum  would  have  sensibly  the  same  value ;  it  would  have  been 
for  the  other  two  about  57'^  and  V4f\  The  changes  in  the  signs 
were  found  in  the  three  wires,  the  first  between  3  and  4  millemetres 
in  height,  the  second  between  13  and  14  millimetres.  The  negatively 
magnetized  needles  were  affected  a  little  less  on  the  thickest  wire. 
On  being  acted  upon  singly,  the  two  latter  needles  gave,  with  an 
equal  discharge,  changes  in  the  signs  of  the  magnetism  four  times. 
The  very  fine  wire  only  exhibited  them  twice,  one  at  4"""*,  the  other 
at  about  ll""*  in  height. 

The  equality  of  the  action  which  took  place  at  all  points  of  a 
similar  wire  conductor,  still  subsists  then  almost  wholly  throughout 
the  extent  of  a  circle  composed  of  several  wires  of  different  diameter, 
at  least  at  some  distance  irom  the  points  of  junction.  The  form  of 
the  periods  is  the  same  on  all,  saving  the  slight  displacements  in 
the  position  of  the  changes  of  the  sign,  and  the  same  as  on  a  wire 
equal  in  length  to  the  sum  of  all  the  lengths,  and  of  a  diameter  that 
is  intermediate  between  all  the  diameters.  If  one  of  the  wires  be 
very  fine,  whatever  place  it  occupies  in  relation  to  the  others,  it 
communicates  to  them  nearly  its  own  properties,  whilst  its  manner 
of  acting  only  undergoes  feeble  modifications.  Circumstances 
transpire  with  regard  to  this  wire,  as  if  it  was  lengthened  a  very 
little,  but  with  regard  to  the  others  as  if  their  extent  was  much 
augmented.  The  invariable  conductors  of  a  battery,  then,  ought  to 
be  sufficiently  large  to  permit  of  their  influence  being  neglected. 

It  is  not  necessary  to  understand  what  has  just  been  said  of  the 
equality  of  action  observed  in  a  complete  circuit,  relating  to  a  system 
of  wires  of  very  different  diameters,  comparable  to  the  distances 
where  the  changes  of  sign  take  place;  neither  to  a  case  where  during 
the  discharge  one  of  the  wires  changes  its  state  and  becomes  entirely 
volatilized. 
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With  a  view  of  examioiDg  whether  the  force  of  the  magnetism  of 
a  discharge  would  be  modified  by  a  resistance  which,  in  the  middle 
of  each  wire  would  tend  to  hinder  the  conducting  wire  from  dilating 
itself,  or  is  opposed  to  small  transverse  movements,  I  filled  a 
crystal  tube,  whose  exterior  diameter  was  nearly  four  millimetres, 
and  the  interior  diameter  four-tenths  of  a  millimetre,  with  mercury. 
The  ends  were  closed  by  two  brass  wires,  fixed  by  a  little  wax,  and 
in  contact  with  the  mercury.  With  regard  to  the  pressure  exercised 
during  the  discharge,  the  effect  has  been  to  separate  the  tube 
into  two,  precisely  in  the  middle  of  its  length,  to  break  it  very  near 
the  extremities,  and  to  furrow  it  symmetrically  from  that  part  of 
the  middle  to  the  quarters  and  a  little  beyond,  by  oblique  fissures, 
such  as  ate  presented  by  the  fillets  of  two  helices  turning  in  con- 
trary directions.  The  other  two  quarters  of  the  tube  up  to  the 
extremities  were  whole.  The  pressure  had  even  been  a  little 
stronger  at  the  quarters,  for  at  these  two  points,  the  mercury  had 
escaped  in  very  fine  drops,  showing  that  it  had  been  driven  out 
more  abundantly  at  the  two  ends  and  in  the  middle.  It  is  necessary 
to  avoid  the  small  bubbles  of  air  or  water  interrupting  the  metallic 
fillet :  this  will  sufiice  to  determine  the  rupture  at  the  two  points  of 
separation. 

Under  the  relation  of  magnetism,  the  series  presents  *  a  notable 
irregularity.  Opposite  the  point  of  rupture  at  the  middle  of  the 
tube  a  needle  was  found  very  feebly  magnetized  between  two 
needles  that  were  strongly  magnetized.  This  experiment  was  not 
repeated. 

When  a  very  fine  brass  or  platinum  wire,  of  such  a  length  that  the 
magnetism  produced  by  a  strong  discharge  will  present  changes  in 
the  sign,  and  the  wire  is  broken  by  the  current,  tlie  magnetic  effects, 
except  perhaps  at  a  very  small  distance  from  the  point  of  rupture, 
remain  the  same  as  if  the  wire  still  remained  extended. 

After  having  passed  a  very  strong  discharge  through  a  wire  con- 
ductor, we  no  longer  obtained  on  this  wire  precisely  the  same  series 
of  magnetic  intensities  for  quantities  of  electricity  that  are  sensibly 
equal.  This  alteration,  which  is  very  feeble,  depends  perhaps 
sometimes  on  a  superficial  oxidation,  and  ought  to  agree  in  general 
with  the  degree  of  annealing  which  the  metal  undergoes  during  a 
discharge  at  a  high  temperature. 

Hitherto  I  have  supposed  all  the  needles  of  the  same  diameter, 
^  of  a  millimetre,  and  of  the  same  degree  of  temper,  the  rolled 
temper.  These  two  circumstances,  temper  and  the  diameter,  have 
the  greatest  influence  on  the  direction  and  the  intensity  of  the  mag- 
netism which  a  discharge  may  produce  and  a  conductor  give,  whilst 
as  we  have  seen,  the  length  of  the  needles  has  scarcely  any 
influence. 

As  an  example  of  the  manner  in  which  these  maxima  and  the 
changes  of  sign  in  the  magnetism  are  displaced  by  the  degree  of 
temper,  I  transcribe  the  following  series,  obtained  on  on  a  brass 
wire  of  I  of  a  nailltmctre  in  diameter,  and  by  a  single  discharge,  the 
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needles  were  all  15  millimetres  long  and  0  """*  30   in  diameter. 
They  had  all  been  cut  from  the  same  piece  of  steel  ."^ 

First  Series.     Needles  tempered  hard. 


Dlgtanoe  from  the 

wire  during  the 

discharge. 

MiU. 


Dnratlon  of  60 
oscillations. 


Dlreotion  of  the 
magnetism. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

11 

12 


.... 


m.   8. 

0  6  1  22  8 

1  6  1  13  4 

2  6  1  20  0 

3  9  2  14  5 

4  9  1  42  0 

6  3  1  13  6 

7  6  15  8 

9  8  15  6 

10  8  1   0  8 

12  4  1  35  4 

14  8  2  14  4 

45  0  0  42  2  

Second  Series.  Needles  untempered  :  flexible. 
0"- 


1 

2 

3 

5 

6 

7 

9 

10 

12 

15 

42 


0 
2 
4 
8 
3 
3 
3 
4 
3 
8 
4 
0 


•  • .  • 


Positive. 

do. 

do. 

do. 
Negative. 

do. 

do. 

do. 

do. 

do. 
Positive. 

do. 


1' 

3 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 


58" 
50 
49 
18 
1 
56 
51 
50 
48 
46 
47 
10 


5 

0 

5 

0 

2 

4 

6 

2 

4 

8 

2 

6 


•  • .  • 


.... 


■  •  •  • 


• . .  • 


• . .  • 


•  •  •  • 


•   .    a    • 


Positive, 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


The  needles  f^mpered  hard  presented  two  changes  in  the  sign ; 
the  untempered  needles  only  presented  at  some  distance  from  ihe 
wire  a  tnaxiTnum  of  intensity.  The  maximum  of  the  hard  tempered 
needles  is  very  much  further  from  the  wire,  and  at  a  higher  value 
than  that  of  the  flexible  needles. 

In  general  the  magnetism  in  the  hard  tempered  state  is  a  state 
of  equilibrium  between  the  greatest  forces  and  resistances :  a  feeble 
exterior  cause  alters  it  with  greater  difficulty.  In  this  state  the 
needles  acquire  a  more  elevated  maximum  either  in  one  direction  or 
the  contrary  one,  attaining  it  by  a  less  discharge,  and  only  commence 

*  I  have  sought  to  find  whether,  as  M.  De  la  Rive  and  M.  Marianini  have 
remarked  on  wires  which  have  served  to  establish  the  eommnnicatioii 
hetween  the  pofes  of  a  pile*  a  platinnm  wire  which  has  transmitted  a 
strong  discharge  would  give,  wnen  its  extremities  are  plunged  into  a 
liquid  conductor,  any  traces  of  an  electric  current.  1  could  not  observe  any : 
but  the  apparatus  I  made  use  of  was  not  sufficiently  sensible,  and  this  ex- 
periment merits  a  repetition. 
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losing  it  in  a  sensible  manner  with  stronger  discharges,  and  suddenly 
changing  the  sign.  The  mode  of  magnetizing  due  to  M.  Arago» 
thus  offers  the  means  of  comparing,  with  exactness,  the  different 
degrees  of  the  coercive  force,  which  augments  nearly  in  proportion 
as  the  maximum  of  magnetic  intensity,  the  state  of  saturation,  is 
itself  increased,  but  which  may  still  vary  considerably  when  this 
maximum  is  very  little  changed. 

The  influence  of  the  diameter  of  the  needles  on  the  magnetism 
which  they  receive  cannot  be  disengaged  from  other  causes,  which, 
such  as  the  degree  of  temper,  make  the  results  vary ;  for  the  interior 
particles  of  a  thick  needle  cannot  have  taken  in  the  sudden  cooling 
the  same  disposition  as  the  exterior  ones.  Be  it  as  it  may,  I  extract 
from  a  series  made  with  needles  of  three  different  thicknesses,  and 
of  16  »"*•  in  length,  on  a  brass  wire  of  0  "^-  J25  (i  -^),  the  following 
values  of  magnetic  intensities  at  equal  heights  : — 


Distance  of  the  axis  of  the 

needles  trom  the 
wire  during  the  discharge. 


MiU. 

1     8      

17     0      

27     0      

Maximum    of    intensity    of 

needles  magnetised  by 

magnets » 


Duration  of  60  oscillations. 


Needle  of 
Om.  30  indiam. 


m. 


s. 

10  pos. 
58  neg. 
58  pos. 


25 


Needle  of 
Om.  80  indiam. 


m. 

2 


s. 

Opos. 
59  id. 
5  id. 


31 


Needle  of 
Im.  76  indiam. 


m. 
1 
1 


39  pos. 
46  id. 
57  id. 


44 


In  place  of  the  changes  of  sign  presented  by  the  thin  needles,  the 
mean  needles  only  presented  a  minimum  in  contact  with  the  wire 
even,  and  the  largest  needles  a  continued  decrease  of  intensity  in 
proportion  as  they  were  further  removed  from  this  wire. 

The  series  presented  by  the  mean  needles  and  the  thickest  ones, 
are  those  which  were  obtained  with  the  small  needles  with  discharges 
more  and  more  weak ;  with  discharges  more  and  more  strong  the 
thick  needles  themselves  exhibited  changes  in  the  sign. 

The  phenomenon  of  the  reversement  of  the  poles  produced  in  the 
needles  of  the  compass  by  thunder  may  already  be  explained  by 
known  facts;  since  the  fluid,  according  as  it  passed  on  one  side  or 
the  other  of  these  needles,  all  things  beside  being  equal,  ought  to 
magnetise  them  in  opposite  directions.  But  this  phenomenon  still 
admits  another  explanation,  founded  on  the  preceding  facts;  for  the 
fluid  always  passing  on  the  same  side  of  the  needle,  the  direction 
of  the  magnetism  still  depends  on  the  distance  and  the  intensity  of 
the  discharge.  We  may  even  remark  that  compass  needles  are 
found  in  circumstances  which  facilitate  the  production  of  alternations 
of  the  contrary  magnetisms.  They  are  of  very  small  substance, 
which  places  them  almost  in  the  state  of  isolated  wires  of  a  small 
diameter,  and  receiving  the  hard  temper. 
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On  the  Action  of  Discharges   Transmitted  by   Wire  Conductors 

Wound  as  Helices. 

The  needles  1  have  employed  in  the  following;  experiments  were 
fifteen  millimetres  long  and  quarter  of  a  millimetre  in  diameter : 
they  were  tempered  hard. 

I  rolled  into  a  helix,  on  a  hollow  cylinder  of  dry  wood  of  nine 
cent,  long,  and  of  about  0""  ,  5  in  diameter,  a  brass  wire  of  0""*,  180 
in  thickness.  The  step  or  pitch  of  the  helix  was  about  3  mil.  in 
height.  With  a  length  of  wire  of  0^"^,  80,  the  same  needles,  placed 
successively  in  the  middle  of  the  cylinder,  in  the  direction  of  its  axis, 
were  magnetized  by  discharges,  gradually  increased.  1  here  give 
for  each  needle  after  being  magnetized,  and  in  the  order  of  the  in- 
creasing intensity  of  the  discharges,  the  duration  of  sixty  oscillations : 
+  25^6  ;  +  56",8  ;  —  38",2  ;  —  25^5  ;    +  28",9  ;    +  27",  1 ; 

—  42",0 ;  —  33M  ;  —  57^6  ;  +  27^8 ;    +  23^0 ;    +  34^6  v 

—  1'',15 ;  +  31'',3.  The  sign  +  indicates  that  the  needle  was 
magnetized  in  the  direction  in  which  the  voltaic  current  was  trans- 
mitted, and  which  I  have  hitherto  called  positively  magnetized ;  the 
sign  —  indicates  a  contrary  direction  of  magnetism. 

This  series  presents  to  us  six  changes  in  the  siern.  The  second 
discharge,  which  corresponds  to  the  number  +  56'^8,  was  equiva- 
lent for  the  quantity  of  electric  fluid  to  that  of  an  ordinary  Leyden 
jar.  I  could  with  difficulty  perceive  the  luminous  point  drawn 
from  the  battery. 

We  should  perhaps  obtain  with  a  less  length  of  wire  a  greater 
number  of  changes  in  the  direction  in  the  magnetism.  When  on 
the  contrary  the  wire  is  lengthened,  the  helically  wound  part  re- 
maining the  same,  not  only  does  it  require  a  greater  force  to  obtain 
the  first  reversing  of  the  poles,  but  in  place  oT  the  changes  of  sign 
following,  we  only  find  some  variations  of  magnetic  intensity  :  thus 
for  discharges  equal  to  those  of  the  preceding  series,  and  a  similar 
wire,  but  of  double  the  length  (1"*,  6),'  the  corresponding  numbers  to 
the  3rd,  dth,  7th,  9th,  11th,  12th,  and  i3th  observations  of  that  se- 
ries are +25^0  ;  —31^9;  +3r,0;  +25^6;  +51^6;  +54^6; 
+  46^,0.  Beyond  that  the  magnetism  continues  to  augment  in  the 
same  direction. 

The  period  which  is  formed  by  the  four  latter  values  is  that 
which  becomes  by  the  eflfect  produced  by  lengthening  the  wire,  the 
period  comprised  between  the  sixth  and  tenth  observations  in  the 
first  series.  We  see  how  it  differs  from  it.  However,  these  two  pe- 
riods would  become  identical,  if  the  efi^ects  due  to  the  lengthening 
of  the  wire  could  be  compensated  for  by  an  increase  in  the  intensity 
of  the  discharges.  This  compensation,  thtrefore,  cannot  take  place. 
We  must  not  forget  that  in  the  two  cases  that  part  of  the  wire  which 
acts  immediately  on  the  needles  is  exactly  the  same.  A  similar 
conclusion  has  already  been  presented  in  the  examination  of  the 
action  of  rectilinear  conductors. 

1  shall  not  here  report  the  different  series  of  magnetic  intensities 
obtamed  by  employing  lengths  of  the  same  ^^ire,  gradually  increased,. 
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whilst  with  the  wire  0 *""'',  80  loDg,  tlie  first  reversing  of  the  poles 
takes  place  with  a  quaDtity  of  fluid  which  does  not  much  surpass  the 
charge  of  a  simple  Leyden  jar.  It  is  only  with  a  very  strong  dis- 
charge of  a  battery  of  twenty-two  feet  surface  that  we  obtain  the 
same  effect  with  a  wire  of  equal  diameter,  and  of  eleven  metres  in 
length,  the  helically  wound  part  being  the  same  in  both  cases.  But 
this  wire  has  given  needles  magnetized  to  saturation,  making  sixty 
OBcillatioDS  in  a  little  less  than  23'^  as  well  in  one  direction  as  the 
other. 

I'he  pitch  of  a  helix  always  remaining  the  same,  a  brass  wire  of 
0  *^*,  09  in  diameter,  and  6  "^s  5  long,  no  longer  gave  a  reversion 
of  the  poles.  Nor  could  I  obtain  it  with  a  silver  wire  of  ^  of  a 
millimetre  in  diameter,  and  0,  25  millimetres  long,  from  the  most 
feeble  discharges  up  to  those  which  reduced  it  completely  into 
smoke.  The  maximum  of  magnetic  intensity  was  with  wires  in  a 
state  of  saturation. 

I  brought  into  communication  by  one  of  their  extremities  the  helix 
of  this  same  silver  wire  and  a  similar  helix  formed  of  a  copper  wire 
considerably  larger.  A  discharge  passing  from  one  helix  to  the 
other  produced  changes  in  the  direction  of  the  magnetism  in 
the  second,  when  even  the  very  fine  wire  was  completely  vapour- 
ized,  and  had  so  much  power  Uiat  it  constantly  magnetized  in  the 
same  direction  the  wires  submitted  to  its  direct  action.  Also  in  the 
case  where  the  diameters  of  the  wires  composing  a  circuit  are 
very  different,  where  at  least  one  of  these  diameters  is  of  extreme 
tenuity  and  rather  fine,  when  during  the  discharge  one  of  these 
wires  changes  its  state  the  action  of  different  parts  of  the  circuit 
cannot  be  equal. 

In  general,  for  the  same  wire  on  a  similar  helix,  the  first  maximum 
augments  in  value  when  the  wire  is  made  longer,  and  diminishes 
when  its  diameter  is  increased.  In  the  first  case,  it  requires  a 
greater  force  to  obtain  the  first  reversion  of  the  poles  or  the  period  of 
variations  of  intensity  which  replace  it;  in  the  second  it  requires  a 
less  force.  Any  maximum  whatever  is  as  much  more  elevated  as 
the  limits  of  the  period  to  which  it  belongs  are  more  scattered. 

I  pass,  however,  now  to  the  case  where  leaving  the  diame- 
ter and  the  length  of  the  wire  invariable,  we  successively  change 
the  length  of  the  diameter  and  the  pitch  of  the  helix. 

The  length  of  the  helices,  when  it  is  equal  to  seven  or  eight 
limes  their  diameter,  and  two  or  three  times  greater  than  the 
length  of  the  needles,  has  scarcely  any  appreciable  ^fluence  on 
the  length,  or  the  intensity  of  the  magnetism. 

The  experiments  of  M.  Arago  have  shown,  as  I  have  already 
said  at  the  commencement  of  this  memoir,  that  similar  needles 
disposed  in  any  manner  whatever  in  the  interior  of  a  large  helix, 
at  least  at  some  distance  from  its  extremities,  all  receive  parallel 
to  its  axis   the  same    degree   of  magnetization  ;*    and    likewise 

*  This  is  also  true,  is  whatever  way  the  needles  are  magnetized. 
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tkis  degree  of  magnetization  is  sensibly  the  same  m  two  helices  of 
different  diametres,  provided  that  they  be  sufficiently  long  and 
their  pitch  be  equal  and  sufficiently  short.  When  the  spirals  are 
a  little  removed  from  each  other,  to  3  millimetres  for  example,  the 
helices  have  much  greater  action  than  when  their  diameter  is 
smaller,  but  this  increase  of  energy  is  extremely  feeble.  It  is  al- 
most insensible,  and  may  be  altogether  neglected  with  a  pitch  a 
moiety  less,  1*5  millimetres.  The  most  exact  means  of  proving 
these  small  differences  is  by  placing  one  in  the  other,  two  helices 
which  turn  in  the  same  direction,  as  was  done  by  M.  Arago,  and  to 
bring  into  communication  by  their  extremities  the  wires  which  they 
cover.  The  current  then  traverses  them  in  contrary  directions ;  they 
act  in  contrary  directions  on  the  needles  placed  in  the  interior  helix, 
and  these  needles,  either  remaining  unmagnetized  or  only  acquiring, 
with  very  strong  discharges,  a  feeble  magnetism  in  the  direction  which 
the  helix  of  the  smallest  diameter  gives  them.  However,  this  mag- 
netism increases  little  by  little  with  the  intensity  of  the  discharge. 
If  the  two  helices,  placed  one  in  the  other,  and  always  of  the  same 

Sitch,  in  place  of  turning  in  the  same  direction,  turned  in  contrary 
irections,  the  one  dextroium,  the  other  sinistrosum,  (he  current 
traverses  them  loogitudinally  in  oppositedirections  and  transversely ; 
their  actions,  always  pretty  nearly  equal,  are  added  together,  instead 
of  being  destroyed  as  in  the  preceding  case.  We  may  thus  measure 
double,  triple,  or  quadruple  forces.  It  is  sufficient  if  we  make  the 
discharge  arrive  at  first  at  a  simple  helix,  from  that  to  a  system  of 
two,  three,  or  four  helices  of  the  same  pitch,  one  enclosed  in  the 
other,  and  alternately  turning  in  contrary  directions.  The  mutual 
action  of  helices  which  envelope  each  other  is  here,  however,  as  we 
shall  hereafter  see,  a  cause  of  error,  but  this  error  is  very  small,  if 
the  wire  of  which  tbey  are  formed  is  sufficiently  fine. 

Here  I  give,  for  electric  charges  of  which  the  intensity  may  be 
represented  in  the  gross  by  the  numbers  2,  3,  4,  4|,  and  6,  the 
durations  of  oscillations  measured  by  the  magnetism  of  magnetized 
needles ;  the  one  in  the  simple  helix,  of  which  I  before  made  use  of, 
the  others  in  the  system  of  two  helices  of  the  same  pitch,  which 
I  shall  call,  for  the  sake  of  brevity,  the  double  helix. 


Intenfities  of  dectrioal 

During  6A  otciUAtions. 

charge!. 

Simple  helix. 

Doable  helix. 

2   

+     2*3     5 

+     22     9 

+     27     2 

+     31     8 

32     8 

m.       B. 

-h     0     22     9 
+     0     30     4 
+     12     0 
—     1     17     0 
0     23     5 

3   

4  

44 

^2 •••••••••••••••••• 

5   

We  see  already  by  these  estimates,  inasmuch  as  they  are  still  very 
large,  not  only  that  the  action  of  a  double  discharge  is  very  different 
to  double  the  action  of  a  simple  discharge;  but  further,  that  the 
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relation  of  these  two  forces  is  variable,  and  depends  on  their  absolute 
intensity. 

A  double  helix  acts  sensibly  as  a  simple  helix  of  a  pitch  a  moiety 
shorter,  the  length  of  wire  being  the  same  for  them  both. 

We  may  be  assured  that  if  a  portion  of  a  discharge  is  passed  from 
one  spiral  to  another,  without  following  the  contrary,  this  portion 
may  be  altogether  neglected,  at  least  for  the  heights  of  pitch  that  I 
have  employed,  it  will  suffice  if  we  isolate  with  gum  lac  the  spirals 
of  an  helix  for  a  short  extent,  in  any  part  of  its  length,  we  obtain 
on  passing  a  discharge  through  this  nelix,  exactly  equal  magnetic 
intensities  in  both  of  the  moieties,  whatever  be  the  direction  of  the  mag- 
netism ;  whether  it  attains  its  inimnittfji,  or  whether  it  be  almost  nulL 

Since  in  the  whole  interior  of  a  helix  similar  needles  are  equally 
magnetized,  every  point  of  these  needles  are  submitted  to  equal  ac- 
tions. The  differences  of  magnetization  which  the  different  parts 
of  the  same  needle  present  must  only  be  attributed  to  the  reaction  of 
these  parts  upon  each  other.  In  order  to  appreciate  the  influence 
of  these  reactions,  I  took  needles  of  the  same  temper  and  of  the 
same  diameter,  but  of  three  lengths:    15-*"*,  10 ■^,  and  6"^.    I 

J>lace  in  one  and  the  same  helix  three  new  needles,  one  of  each 
ength.  After  having  magnetized  them  they  were  made  to  oscillate* 
The  mean  needles  were  afterwards  broken  in  two ;  those  of  fifteen 
millimetres  into  three  eaual  parts,  and  these  fragments,  equal  to 
small  needles,  were  macte  to  oscillate.  These  are  tlie  effects  then 
remarked :  the  fragments  of  the  same  needle,  eaual  to  each  other, 
are  always  magnetized  in  the  same  direction,  tnat  of  the  entire 
needle,  and  are  equally  magnetized ;  at  least  the  differences,  which 
are  in  general  very  small,  always  preserve  the  same  sign  from  one 
extremity  to  the  other,  which  solely  announces  a  gradual  inequality 
in  the  temper  of  the  different  points  of  the  needle;  an  inequality 
almost  inevitable,  since  in  general  these  points  are  only  successively 
plunged  into  the  cold  liquid. 

The  numbers  which  in  the  following  table  express  the  dura- 
tions of  the  oscillations  of  the  fragments  of  the  same  needle,  are  the 
means  of  durations  almost  equal,  obtained  by  making  them  oscillate 
successively.  The  signs  always  indicate  the  direction  of  the  mag- 
netism. 

Duration  of  60  oscillations. 


Electric 
ofavges. 


1. 

2. 
4. 
6. 


Needles  of 
16  mill. 

+  0^29''    4 
—0   40 

1—1  25 
+0  30 
+  0  28 
— 0  28 
— 0  26 
+0  85 


4 
0 

Needles  of 
10  mill. 

+0^22'^  4 
— 0  30     6 

Needles  of 
6mlIL 

+  16^^  7 
—22     3 

Fngmentsof 

6  mUl.  of 
mean  needles 

+  14''    0 

—16     6 

Fngmentsof 

5  mill,  of 
large  needles. 

+ir  5 

—16     0 

4 

—16     8 

null 

28     2 

—24     5 

8 
5 

7 

+0  21     6 
+  0  20     0 
— 0  21     1 

+  14"  2 
+  14     1 
-14     7 

+  12     5 
+  12     5 

+  11    7 
+  11     4 

9 

— 0  19     8 

—14    8 

6 

+0  24     0 

+  16     6 
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We  see  that  the  needles  of  different  lengths  are  always  magnetized 
in  the  same  direction.  Perhaps  the  shorter  needles  change  the  sign 
with  forces  a  little  less.  It  will  be  remarked  that  these  needles  of 
five  millimetres  are  less  magnetized  in  one  direction  as  well  as  in 
the  other,  than  the  equal  fragments  of  needles  of  ten  millimetres ; 
and  that  the  latter  are  themselves  less  magnetized  than  the  fragments 
of  longer  needles. 

There  can  be  no  doubt  but  that  in  breaking  the  needles  we  alter 
the  magnetism  of  their  parts,  but  in  a  quantity  which  is  not  very 
considerable.  One  of  the  needles  of  fifteen  millimetreB,  that  made 
sixty  oscillations  in  28^^  6,  was  placed  in  a  small  glass  tube  of  the 
same  length  as  itself,  extremely  light,  into  which  it  entered  with  fric- 
tion. This  caused  it  to  make  the  same  number  of  oscillations  in 
37^,  8.  It  was  then  withdrawn;  it  was  broken  in  three  pieces,  of 
which  each  separately  made  sixty  oscillations  in  IK,  8.  The  three 
pieces  having  been  replaced,  one  after  the  other,  in  the  small  tube  of 
glass,  it  then  took  41  ,  in  place  of  37",  8,  to  oscillate  the  same 
number  of  times. 

I  will  cite,  while  noticing  these  latter  researches,  an  analogous 
experiment.  I  magnetized,  it  is  now  a  long  time  ago,  to  saturation, 
with  two  strong  magnets,  an  untempered  steel  needle  of  about  one 
millimetre  in  diameter,  and  thirteen  centimetres  long,  on  which  I 
had  previously  traced,  at  the  end  of  each  centimetre,  with  a  fine  line, 
annular  marks  of  but  slight  depth,  but  sufficient  to  determine  the 
rupture  of  the  needle  when  a  slight  pressure  was  exercised  on  any 
part  of  it.  I  convinced  myself  that  the  entire  needle  had  only  one 
magnetic  centre.  1  then  broke  it  into  thirteen  equal  parts.  The 
extreme  fragments  were  then  smaller  than  the  distance  of  the  poles 
from  the  two  ends  of  the  needle.  Their  magnetic  distribution 
changed  in  a  manner  almost  instantaneously.  For  after  some 
minutes,  and  excepting  some  very  feeble  and  irregular  differences  of 
intensity,  all  the  fragments  possessed  the  same  quantity  of  magne- 
tism, and  almost  the  mammum  to  which  it  was  possible  they  could 
obtain.  The  entire  needle  made  sixty  oscillations  in  3",  W,  3, 
The  fragments  of  that  part  from  the  north  pole  to  the  centre,  made 
the  same  number  of  oscillations  in  47'',  2 ;  49^',  2  ;  48'',  8;  47",  2 ; 
47",  3;  50",  2;  48",  0,  fragment  from  the  middle;  the  following 
fragment  47^,  0.  In  a  state  of  saturation,  these  fragments  made 
sixty  oscillations  in  44",  and  46". 

1  now  return  to  the  phenomena  of  magnetism  produced  by  elec- 
tricity. In  what  has  been  already  said,  I  have  supposed  that  all 
discharges,  the  feeblest  as  well  as  the  strongest,  being  drawn  from  the 
same  battery,  that  equal  charges  corresponded  to  the  same  tensions : 
In  giving  to  electrized  surfaces  of  very  different  extents,  and  gra- 
dually decreasing  in  proportion,  that  with  equal  charges  the  tension 
is  more  elevated.  I  found,  by  some  trials,  that  the  maximum  of 
magnetic  intensity,  the  helix  and  wire  being  the  same,  have  a  less 
value.  Now  has  decrease  any  limit  ?  How  does  the  influence  of 
tension  combine  with  the  influence  of  the  length  of  the  wires :  with 
s2 
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their  diameter,  and  the  distance  between  the  spirals  P  These  elements 
of  the  question  1  have  yet  to  study.  In  fact  1  have  only  spoken  of 
the  effects  produced  by  an  unique  discharge.  I  ought  as  the  basis 
of  a  possible  explication,  point  out  the  effects  obtained  in  helices  by 
means  of  successive  discluirges.  If  these  discharges  are  very  feeble, 
such  as  simple  sparks  drawn  from  a  machine,  and  very  near,  their 
action  is  added  to  each  other,  with  certain  limits  of  magnetization^ 
which  depends  on  the  nature  of  the  needles.  Any  number  whatever 
of  the  same  sparks  will  not  raise  it  beyond  the  limit  of  magnetism 
already  produced.  The  resistance  which  is  opposed  to  its  develop- 
ment increases  then  with  the  magnetism  already  developed.  This 
resistance  which  is,  perhaps,  great  enough  in  needles  still  un- 
magnetized  to  prevent  a  continuous  series  of  sparks  sufficiently  feeble 
from  ever  exerting  any  sensible  influence. 

If  instead  of  increasing,  the  sparks  traversing  the  wire  in  a  con- 
trary direction  tend  to  produce  opposite  effects,  the  resistance,  in  pro- 
portion as  we  approach  the  first  maanmum  of  magnetization,  becomes 
more  and  more  unequal  in  the  two  directions,  and  the  force  necessary 
to  destroy  the  magnetism  produced  is  only  a  very  feeble  portion  of 
the  force  lost  when  we  seek  to  augment  it 

And  again :  as  soon  as  the  discharges  pass  beyond  the  degree 
of  intensity  capable  of  giving  the  needles  this  first  maximum  of 
magnetism,  which  may  be  very  far  from  the  state  oi  saturation,  the 
direction  and  the  degree  of  magnetism  which  they  give  them  are  very 
near,  and  more  and  more  independent  of  the  magnetic  state  in  which 
those  needles  were  found  before  the  experiment 

On  the  action  of  other  bodies,  as  Steel  and  Iron,  submitted  to  the 
action  of  electric  discharges,  but  isolated  from  the  conductor  which 
they  traverse. 

One  of  the  first  observations  of  M.  Arago,  at  the  time  of  his  re- 
searches on  magnetism,  was,  that  the  influence  which  magnetises 
iron  and  steel,  very  different  from  that  of  other  electric  actions,  is 
transmitted  through  wood,  glass,  and  other  insulating  substances, 
without  undergoing  any  appreciable  change.  Two  needles  {Ann, 
de  Chem,  et  de  Phys,,  1820),  placed  in  Uie  same  helix,  the  one 
enclosed  in  a  crystal  tube,  the  other  out  of  this  tube,  received  exactly 
the  same  quantity  of  magnetism.  These  trials,  which  M.  Arago  had 
intended  to  have  varied  and  extended,  were  pursued  no  farther  until 
the  time  when  he  discovered  the  very  remarkable  action  that  all  the 
substances,  and  especially  the  metals  in  a  state  of  movement,  exer- 
cised on  the  needle.  I  expressed  to  him,  a  short  time  after,  the 
desire  I  had  to  know  what  might  be  the  infiuenc  eof  this  latter  class 
of  bodies  on  the  magnetism  developed  by  the  electric  currents,  and 
he  was  very  desirous  to  engage  me  to  follow  out  a  class  o  fresearches 
which  he  himself  had  intended  to  repeat 

I  at  first  placed  two  needles  in  a  helix,  the  one  without  envelope, 
the  other  enveloped  in  a  thick  cylinder  of  red  copper,  isolated  from 
the  conductor.    The  effect  of  a  discharge  which  strongly  magnetized 
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the  first  was  insensible  on  the  second*  There  was  nothing  trans- 
mitted throng  the  copper.  I  sabstitnted  a  needle  already  magnetized 
for  the  needle  without  magnetism  enclosed  in  the  metallic  tube.  I 
then  placed  it  in  such  a  manner  that  a  new  dbcharge  ought  to 
change  its  poles,  or  at  least  to  enfeeble  its  magnetism,  if  the  envelope 
did  not  destroy  all  its  effects.  The  duration  of  the  oscillations, 
measured  before  and  after  this  trial,  were  found  to  be  exactly  the 
same.  It  is  useless  to  say,  that  in  order  to  eliminate  the  influence 
due  to  terrestial  magnetism,  the  needles  were  always  placed,  during 
the  discharge,  in  a  direction  perpendicular  to  the  magnetic 
meridian. 

I  gradually  diminished  the  thickness  of  this  metallic  envelope ; 
the  intensity  of  the  discharges  always  remaining  the  same,  the 
envelope  needles  commenced  exhibiting  an  action  more  and  more 
sensible.  For  a  certain  thickness  the  enclosed  needle  and  that  en- 
tirely naked,  if  I  may  be  so  allowed  to  express  myself,  were  equally 
magnetized.  For  thickness  gradually  decreasing,  the  enveloped 
needle  became  the  most  strongly  magnetized  of  the  two,  attaining  a 
maximttm  of  intensity,  and  then  it  afterwards  approached  anew,  by 
successive  diminutions,  to  the  degree  of  magnetization  of  the  other 
needle. 

In  proportion  as  the  intensity  of  the  discharges  augment,  the 
thickness  of  the  metallic  envelope  with  which  the  needle  was  covered, 
and  the  one  that  was  not,  received  the  same  degree  of  magnetism, 
and  may  be  gradually  increased.  At  the  same  time  the  increase  of 
magnetism  due  to  a  diminution  of  the  thickness  of  the  envelopes 
is  more  and  more  considerable.  With  very  feeble  discharges  the 
thickness  which  has  no  action  is  very  small. 

These  experiments  were  made  with  plates  of  pewter,  rolled  round 
the  needles.  This  disposition  permitted  the  thickness  of  the  envelope 
to  be  gradually  diminished.  I  assured  myself  besides,  that  a  cylinder 
of  cast  pewter  and  a  cylinder  formed  of  leaves  of  rolled  pewter,  as 
nearly  equal  in  volume  and  in  weight  as  the  greater  density  of  the 
plate  pewter  would  permit,  exercised  sensibly  the  same  action. 

The  eighth  part  of  leaf  of  beaten  silver,  weighing  (K,  005,  was 
rolled  round  a  needle  of  two  centimetres  in  length,  and  five  times 
heavier.  This  very  thin  envelope,  when  submitted  to  a  discharge 
from  a  Leyden  jar,  raised  by  ooe-third  the  degree  of  magnetism 
which  the  same  discharge  communicated  to  a  similar  needle  by  its 
direct  action. 

When  in  a  given  helix,  the  first  maxmum  attained  by  the  needles 
without  envelope  is  very  far  from  the  state  of  saturation ;  with 
discharges  increasing  in  strength,  and  which  magnetize  them  in 
decreasing  ratios,  the  maximum  of  similar  needles  in  a  convenient 
envelope  continues  considerably  to  raise  itself  beyond  the  fnaximum 
of  the  first  ones.  It  will  even  become  raised  when  these  are  magne- 
tized in  a  contrary  direction.  This  is  a  new  proof  that  even  at  high 
tensions  the  electric  fluid  does  not  pass,  at  least  in  appreciable 

Quantity,  from  one  spiral  to  another  or  the  helices,  without  following 
lie  turnings  therein. 
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Thus,  two  needles  of  two  ceDtimetres  in  length,  magnetized,  ilie 
one  without  envelope,  the  other  in  a  small  cylinder  of  pewter  of  two 
millimetres  radius,  by  a  single  discharge,  employed  for  the  first 
8^  3(y^  the  second  43^  only  made  sixty  oscillations. 

Three  needles,  of  fifteen  millimetres  in  length,  and  0*^,  4  in  diame- 
ter, the  one  in  a  cylinder  of  copper  of  five  millimetres  radius,  the 
second  in  a  similar  cylinder  of  brass,  the  third  without  envelope, 
received  in  the  same  helix,  quantities  of  magnetism  having  for  their 
measure  the  numbers  +  2\  36";  +45"^;  —  T  52^  durations  of 
sixty  oscillation  for  each  needle.  The  sign  — ,  which  precedes  the 
latter  value,  indicates  that  the  needle  without  envelope  was  magne- 
tized in  a  contrary  direction  to  the  others.  The  discharge  was  very 
strong,  and  the  cylinder  of  copper  had  almost  destroyed  the  action 
^bich  the  pewter  on  the  contrary  had  considerably  raised. 

By  comparing  two  metallic  tubes  of  equal  thickness  and  length, 
but  of  different  radius,  and  consequently  of  difi*erent  masses,  we  find 
that  the  largest,  that  whose  mass  is  the  moat  considerable,  exercises 
the  greatest  action.  If  two  tubes  have  the  same  diameter,  the  same 
thicknesses,  and  unequal  lengths,  the  shortest  is  that  whose  action  has 
tlie  most  influence.  Of  two  helices,  on  the  contrary,  the  longer  is 
the  most  powerful.  I  suppose  the  length  of  the  tubes  sufficiently 
large  in  relation  to  that  of  the  needles. 

Here  is  an  example.  I  compound  two  cylinders  of  pewter  of 
three  millimetres  in  tnickne8s,one  of  sixty-five  millimetres  in  length, 
the  other  100  millimetres.  Their  action,  with  a  rather  weak  dis- 
charge, were  in  the  proportion  of  about  three  to  one. 

There  must  exist  then  between  the  thickness  and  the  length  of  a 
metallic  cylinder  a  certain  relation,  with  which  the  influence  of  this 
cylinder  is  the  greatest  possible,  under  the  action  of  a  given  dis- 
charge. 

If  a  metallic  tube  is  at  the  same  time  very  long,  and  of  an  interior 
sufficiently  great,  the  needles  parallel  at  its  axis  receive  quantities 
of  magnetism  sensibly  equal  in  all  the  space  enveloped  by  it,  at  least 
a  short  distance  from  its  extremities. 

We  may  change  the  nature  of  the  isolating  substance  which  se- 
parates the  helix  from  the  metallic  envelope,  and  give  to  this  en- 
velope in  the  interior  of  the  helix  any  position  whatever,  provided 
that  the  axis  of  their  figure  is  always  parallel,  without  changing  tht 
action  of  the  metal  on  the  needle  whicn  it  encloses.  On  comparing 
these  two  experiments  with  experiments  quite  similar  to  those  of 
M.  Arago,  on  the  direct  magnetization  of  needles  without  envelopes 
we  see  that  the  electric  movement  acts  in  the  same  manner  on  any 
metal  whatever,  and  on  steel,  which  alone  preserves  its  magnetism. 

When  we  multiply  concentrically  around  the  needle  alternating 
layers  of  conducting  and  non-conducting  materials,  the  first  actions 
do  not  appear  sensibly  modified  by  the  fact  of  their  insulation. 
There  is  no  doubt,  on  the  contrary,  that  their  action  is  not  very  much 
enfeebled  by  the  sections  perpendicular  to  the  axis  of  the  figure,  or 
in  which  these  planes  pass  by  this  axis.    In  fact,  envelopes  of  great 
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thickness,  of  fine  copper  filings,  or  even  of  iron,  equal  in  weight  to 
the  cylinders  of  those  metals  which  completely  destroy  the  influence 
of  a  given  discharge,  scarcely  at  all  modify  this  influence.  We  see 
then  the  analogy  which  exists  between  these  results  with  the  bean- 
tifn!  experiments  of  M.  Arago,  on  the  rotation  of  plates. 

If  in  a  metallic  cylinder,  for  example,  in  a  tube  of  glass,  filled 
with  mercury,  needles  parallel  to  its  axis  are  placed  at  different  dis- 
tances from  the  surface,  from  the  circumference  to  the  centre,  and 
we  then  compare  them  to  a  needle  submitted  without  envelope  in  the 
same  helix  to  the  same  discharge,  we  at  first  remark  a  gradual  in- 
crease of  intensity,  a  maximum,  and  then  a  diminution,  which 
extends  to  the  centre.  If  the  discharge  is  weak  enough, 
or  the  envelope  sufficiently  thick,  there  is  a  certain  radius 
on  which  the  sum  of  the  actions  of  the  metal  is  null.  It  is  even 
very  probable  that,  with  electric  discharges  much  stronger  and 
metallic  thicknesses  proportionally  greater,  we  should  find  several 
concentric  surfaces  where  the  action  is  null. 

I  here  give  some  measures  of  magnetic  intensities,  obtained  at 
different  distances  from  the  metallic  surface,  in  a  tube  of  glass 
of  10  ^^  interior  radius,  filled  with  mercury : — 
Distance  of  the  exterior 

surface  of  the  liquid...  1--  6;  2*  0;  2*  8;  4--  0;  ^  0;  12*  0. 
Duration  of  40  oscilla- 
tions  28"  9;  28^^  8;  29"  1 ;  30"  8;  49"  2;  1'  22"  7. 

A  needle  magnetized  with  the  same  discharge,  out  of  the  influence 
of  the  mercury,  made  the  same  number  of  oscillations  in  V  49"  3 : 
the  needles  were  2**°^  long,  0*-  6  diameter. 

The  only  metals  that  1  have  tried  in  very  thick  cylinders,  iron, 
copper,  pewter,  and  mercury,  act  with  a  decreasing  energy.  As  to 
non-metallic  conductors,  such  as  nitric  acid,  sulphuric  acid,  and 
water,  if  their  energy  is  not  null,  the  experiments  i  have  attempted 
were  not  sufficiently  delicate  to  enable  me  to  recognize  it  in  a  certain 
manner. 

We  have  just  seen  how  the  metals,  submitted  to  the  influence  of 
discharges  in  the  interior  of  helices,  modify  the  magnetism.  It  will 
be  easy  to  conclude  Irom  that  the  manner  in  which  these  metallic 
plates,  under  the  influence  of  discharges  transmitted  by  a  rectilinear 
wire  conductor,*  act  on  the  steel  needles  disposed  transversely  to 
this  wire ;  however,  as  this  action  presents  two  distinct  cases,  I  now 
proceed  to  expose  them  separately.  I  suppose  the  needles  to  be  in 
contact  with  the  metallic  surfaces,  and  the  discharges  inferior  to 
those  which,  by  their  direct  action,  produce  in  steel,  following  the 
distance  of  the  wire,  opposite  magnetic  states. 

1st  A  large  plate  interposed  between  the  conductor  and  the 
needles  for  very    feeble  discharges,    considerably    enfeebles   the 

*  It  is  almost  indifiCerent  whether  tb«  needle  be  or  be  not  isolated  from 
the  oondnetor ;  that  is  to  say,  if  it  is  sufficiently  isolated  by  tbe  defect  of  ab* 
solute  oontaetf  which  can  only  be  established  by  means  of  a  strong  pressnre. 
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magnetisnii  and  augments  it  with  stroDger  discharges.  Thus,  for  a 
similar  discharge,  a  thin  plate  and  a  thick  one  may  produce  contrary 
effects,  and  there  is  a  certain  thickness  where  the  effect  is  null. 

2nd.  The  needles  put  on  the  plate,  hetween  this  place  the  wire ; 
with  very  feehle  discharges  it  augments  their  magnetism,  and  more 
so  as  its  thickness  is  increased.  There  is  a  certain  discharge  with 
which  a  thick  plate  augments  it  and  a  thin  plate  diminishes  it.  With 
stronger  discharges  they  are  both  enfeebled,  the  latter  especially,  and 
it  finishes  by  giving  to  the  needles  a  contrary  magnetism  to  that 
which  the  current  itself  developes. 

In  general  the  two  faces  of  the  same  plate  exercise  contrary 
actions. 

When  the  discharge  is  strong  enough  to  magnetize  the  needles 
by  its  direct  action,  in  contrary  directions  following  their  distaaoe 
from  the  wire,  the  magnetism,  under  the  influence  of  the  metals, 
results  from  several  causes,  each  of  which  is  submitted  to  these  laws 
periodically  different.  The  different  parts  of  the  metallic  plates  also 
pass,  as  well  as  the  needles,  through  a  series  of  opposite  states,  and 
in  each  of  these  states  they  aot  as  a  magnet  possessed  of  an  analogous 
polarity. 

In  searching  to  compare  the  different  plates  of  different  metals, 
of  similar  form  and  equal  thickness,  it  was  remarked  that  aoaa  not 
only  that  the  relations  of  their  actions  varied,  but  that  the  order  of  the 
series  that  was  wished  to  be  formed  by  it  was  found  to  be  reversed. 
The  red  copper  in  thin  plates  acted  less  than  the  brass ;  in  still 
thinner  plates  it  finished  by  acting  more.  I  here  give  some  nume- 
rical values.  The  direction  of  the  magnetism  is  always  designated 
by  the  signs  +  and  — .  Three  needles  at  two  millimetres  beneath 
the  conductor,  first,  magnetised  on  a  plate  of  glass,  the  duration  of 
sixty  oscillations :  +  I^  25^' ;  second,  on  a  plate  of  pewter, 
—1',  28"  ;  third,  on  a  similar  plate  of  copper,  —  1'  SC'^.  With  a 
stronger  discharge  and  two  thinner  plates  of  copper  — 1',  4";  pevrter 
— 1^  34".  The  difference  between  the  action  of  tin  and  that  of 
pewter  is  not  greater  than  the  difference  between  the  actions  of 
pewter  and  copper.  I  find  the  three  foUowing  values  with  three 
similar  needles  ;  on  the  glass  +1',  34"  ;  on  the  tin,  —  1^  6"  ;  on 
the  pewter,  1',  36". 

Silver  acts  almost  like  copper,  gold  has  a  much  greater  action. 
The  action  of  metallic  envelopes  is  a  means  of  studying  what  takes 
place  in  the  different  parts  of  the  steel  needles  themselves  during 
magnetization.  It  is,  in  fact,  in  the  same  manner  as  other  metallic 
envelopes,  that  the  exterior  laminae  of  the  needles  act  in  the  interior 
parts,  and  this  influence  may  differ  materially  from  the  magnetic 
action  which  they  exercise  at  a  later  period,  as  particles  magnetised 
in  a  permanent  manner.  The  experiment  I  have  reported  on  mag- 
netism, produced  at  different  disttmces  from  the  surface,  in  a  tube  of 
glass  filled  with  mercury,  is  an  example  of  this  class  of  researches. 
It  would  be  necessary,  to  render  it  complete,  to  distribute  the  needles 
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throughout  the  whole  Biass  and  up  to  its  extremities.  The  reaction 
of  these  needles  on  the  metal  which  envelopes  them,  at  least  in  a 
first  approximation^  may  be  neglected. 

In  proportion  as  with  equal  charges  the  tension  diminishes,  as  is 
the  case  when  we  augment  the  extent  of  the  electrised  surfaces,  the 
influence  of  metals  during  the  discharge  becomes  more  feeble.  This 
influence  will  doubtless  be  sufficiently  small  under  the  action  of  a 
current  of  electricity,  circulating  without  interruption  and  without 
sparks  from  the  conductor  to  the  cushions,  in  the  frictional  machines 
powerful  enough  to  produce  them,  as  M.  Rodolfl  has  announced 
permanent  magnetism  in  steel  needles.  This  same  current  however 
may  ofier,  by  its  action  on  the  metals,  characters  which  distinguish 
it  from  voltaic  currents,  as  it  is  already  distinguished  by  the  greater 
extent  of  conductors  of  a  very  small  diameter  which  it  may  traverse. 
I  have  not  yet,  for  want  oi  a  convenient  apparatus,  verified  these 
conjectures. 

On  Magnetism  produced  hy  FoUaic  Currents. 

The  phenomena  I  have  just  exposed  are  reproduced  and  measured 
with  facility.  This  is  not  the  case  with  those  I  am  about  to  describe. 
A  great  number  of  causes  make  them  vary  every  moment.  And 
again  I  have  only  been  able  to  draw  from  researches  still  very  in- 
complete, a  smaU  number  of  general  results. 

Ail  the  points  of  a  conducting  wire,  equal  and  homogenous, 
traversed  by  a  voltaic  current,  exercise  equal  actions.*  If  it  is 
rectilinear,  it  magnetizes  equally  in  all  its  lengths,  at  least  for  a  length 
which  is  not  very  great  and  at  some  distance  from  its  extremities,  but 
it  magnetizes  very  little  if  the  pile  is  not  very  strong.  I  prefer 
rolling  it  from  space  to  space  in  such  a  manner  as  to  form  several 
smaU  helices  of  some  turns  each  of  it,  similar  and  separated  by  any 
portions  of  figure  and  extent  whatever.  Similar  needles  are  equally 
magnetized  in  each  of  these  helices. 

The  magnetization  by  voltaic  currents,  is  entirely  developed  in  a 
very  short  time ;  it  is  sensible  instantaneously,  at  least  with  very  small 
needles.  A  feeble  pile  may  act  during  a  long  time,  if  its  intensity  is 
not  augmented,  even  on  a  needle  not  tempered,  without  changing 
in  an  appreciable  manner  the  degree  of  magnetism  which  it  gives  to 
the  needle  at  the  moment  of  establishing  the  communication.  This 
is  true,  even  when  the  degree  is  very  far  from  a  state  of  saturation. 

In  general,  in  whatever  manner  the  pile  is  varied,  if  the  current  does 
not  change  its  direction  during  the  time  a  needle  is  submitted  to  its 
action,  the  needle  will  be  magnetized  as  if  the  pile  had  always  had 
the  strongest  of  these  diflerent  intensities.  The  magnetism  pro* 
duced  by  a  pile,  then,  may  furnish  very  difiierent  indications  from 
those  which  we  draw  from  the  finished  deviations  of  an  already 
magnetized  needle. 

*  M.  Beoquerel  has  already  proved  this  fact  from  another  class  of  obser- 
vatioiis. 
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Independently  of  the  slow  yanations  of  the  continuous  current 
which  traverses  a  pile,  the  tension  at  the  instant  the  communication 
is  established,  as  at  the  moment  at  which  it  is  broken,  produces  a 
visible  spark,  or  at  least  a  transmission  of  electricity  analogous  to  the 
discharges  procured  from  the  frictional  machines.  The  same  effect 
may  be  repeated,  at  intervals  more  or  less  apart,  every  time  that  the 
communications  are  only  imperfectly  established,  as  by  the  contact 
of  wires  of  copper  and  mercury,  especially  if  the  surfaces  are 
moistened  with  a  saline  mixture. 

We  ought,  then,  to  observe  again,  in  the  magnetization  by  the 
pile,  the  phenomena  observed  in  the  passage  of  an  electric  discharge, 
modified  by  the  action  of  the  continuous  current  and  the  smallness 
of  the  tension. 

In  proportion  as  the  tension  is  augmented,  and  the  conductibility 
diminished,  that  part  of  the  effect  of  discharge  is  greater,  the  action 
of  the  current  continues  with  less  influence.  Thus,  witih  an  appa- 
ratus of  20  pairs,*  and  a  very  bad  conducting  liquid,  I  have  obtained 
in  a  most  certain  manner,  since  the  needles  several  times  presented 
the  same  results,  a  direction  of  magnetism  contrary  to  that  which 
gave  the  same  pile  the  most  lively  excitement.  Some  needles,  which 
passed  a  little  beyond  the  extremity  of  the  small  helices  were  then 
magnetized  in  the  same  direcdon,  and  more  strongly  than  the  needles 
placed  at  the  centre  of  the  same  helices.  The  contrary  took 
place  when  the  pile  was  more  energetic.  I  have  not  however  suffi- 
ciently observed  this  phenomenon  to  point  out  the  cause  of  it,  if 
this  is  not  the  possible  cause.  The  dry  piles  ought  to  produce  it 
easily. 

It  is  especially  in  the  action  of  other  metals  besides  steel  and  iron, 
that  the  influence  of  small  tensions  is  sensible.  If  two  needles  are 
placed  in  the  same  helix,  the  one  without  any  envelope,  the  other 
encircled  by  a  thick  cylinder  of  copper  of  flve  millimetres  radius,  for 
example,  an  energetic  current  magnetizes  them  almost  equally,  and 
more  so  as  the  conductibility  is  greater.  A  feeble  current  gives  them 
degrees  of  magnetism  still  more  different ;  the  communication  of 
which  we  may  renew  and  interrupt  successively  a  great  number  of 
times,  as  the  conductibility  is  more  imperfect,  and  the  tension 
stronger. 

Thus  with  an  apparatus  of  ten  pairs,  feebly  excited,  I  flnd  that 
by  multiplying  the  immersions  of  wire  in  mercury,  a  very  small 
needle  may  be  magnetized  in  such  a  manner  as  to  make  sixty  oscil- 
lations in  36^ ;  a  similar  needle  placed  in  a  cylinder  of  copper,  the 
same  number  of  oscillations  in  1',  2^.  The  plates  having  been 
lowered  into  the  liquid,  and  afterwards  withdrawn,  without  having 
touched  either  the  communication  between  the  poles  established 

*  Thecondoctiiig  wire  was  soldered  to  the  extreme  plates,  and  the  needles 
plaised  before  the  immersion  of  the  plates  were  not  removed  nntil  it  was 
withdrawn  from  the  liquid. 
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previously,  or  the  needles  placed  equally  in  advance,  these  nearly 
received  the  same  degree  of  magnetism.  Still  there  is  in  this  case 
a  sudden  change  in  the  electric  movement,  at  the  instant  the  plates 
are  withdrawn  from  the  liquid. 

If  we  leave  the  plates  of  an  apparatus  a  long  time  immersed,  the 
difference  of  the  magnetism  of  the  two  needles,  the  one  without  me- 
tallic envelope,  the  other  enveloped,  becomes  greater  and  greater  in 
proportion  as  the  action  is  less  active  ;  doubUess  because  the  influ- 
ence of  the  small  spark,  though  it  does  become  enfeebled,  diminishes 
relatively  less  than  that  of  the  continuous  current.  Thus  three  pairs 
of  needles,  with  and  without  metallic  envelopes,  having  been  mag- 
netized, the  one  at  the  commencement  of  the  immersion  of  the  pile, 
the  second  8'  after,  the  third  at  the  end  of  20',  the  difierences  of 
the  times  employed  by  the  two  needles  of  the  same  pair  to  make 
sixty  oscillations  were  15^'^,  48^,  and  2' ;  the  time  employed  by  the 
needle  without  envelope  being  2^,  52"^ ;  2^  55"^ ;  and  8',  37^.  In 
the  state  of  saturation  the  duration  of  sixty  oscillations  is  2\  38^'. 

The  redeeming  influence  of  the  metallic  envelopes  increases  a 
littie  with  their  thickness.  I  ought  to  search  out,  if  in  the  case 
where  a  thick  envelope  enfeebles  the  magnetism,  a  thin  envelope 
would  augment  it.  The  envelopes  tried  were  perhaps  too  thin,  their 
influence  being  insensible.  The  small  difierence  of  action  of  the 
two  envelopes  of  unequal  thickness  is  without  doubt,  the  part  of  the 
effect  due  to  the  continuous  current. 

I  am  far  from  well  recognizing  the  circumstances  in  which  are 
produced,  under  the  influence  of  voltaic  currents,  the  actions  I  have 
just  been  speaking  of.  I  have  sometimes  found  that  the  thick  me- 
tallic envelopes  augmented  the  magnetism  in  a  superior  quan- 
tity to  a  quarter  of  these  experiments.  When  that  happened  the 
needles  were  withdrawn  from  the  helices,  without  at  all  changing 
the  immersions  of  the  plates  or  the  communications.  The  conducting 
wire  was  soldered  to  the  extreme  elements,  and  each  plate  of  zinc 
soldered  to  the  plate  of  copper  following.  In  truth  there  is  here  a 
circumstance  which  the  discoveries  M.  Arago  will  not  permit  me 
to  neglect :  the  displacement  of  the  needles  in  relation  to  the  wire 
conductor  and  to  the  copper  cylinder. 

Two  needles  enclosed,  the  one  in  a  copper  tube,  the  other  in  one 
of  wood,  and  similarly  placed  between  two  magnets  sufficienUy 
feeble  only  to  give  a  degree  of  magnetism  far  removed  from  the  state 
of  saturation,  have  always  received  degrees  of  magnetism  sensibly 
equal.  We  ought  in  all  cases  to  take  care  to  provide  against  the 
effect  due  to  the  inclination  of  their  magnetic  axis. 

I  have  been  obliged  to  expose  new  facts  independentiy  of  any 
explanation ;  I  may  now,  however,  be  permitted  to  point  out  rapidly 
the  consequences. 

An  electric  discharge  is  a  phenomenon  of  movement.  This  move- 
ment, is  it  a  continuous  transport  of  matter  in  a  determined  direction  ? 
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Then  the  alternative  opposed  magnetismfl  which  we  observe  at 
different  distances  from  a  rectilinear  conductor,  or  in  a  helix  with 
gradually  increasing  discharges,  would  be  due  uniquely  to  mutual 
reactions  of  magnetic  particles  in  the  steel  needles.  The  manner  in 
which  the  action  of  a  wire  changes  with  its  length  appears  to  me  to 
exclude  this  supposition. 

The  electric  movement  during  the  discharge,  is  it  composed,  on 
the  contrary,  of  a  series  of  oscillations  transmitted  from  the  wire*  to 
the  surrounding  media,  and  soon  recovered  by  the  resistances  which 
rapidly  are  borne  away  with  the  absolute  quickness  of  the  agitated 
particles  ? 

All  the  phenomena  conduce  to  this  hypothesis,  which  makes  to 
depend,  not  only  the  intensity  but  the  direction  of  the  magnetism, 
on  laws  following  which  the  small  movements  were  weakened  in  the 
wire,  in  the  medium  which  surrounds  it,  and  in  the  substance  which 
receives  the  magnetism. 

The  oscillations  in  the  wire  will  have  quickness  absolutely  as  much 
less  as  they  spread  themselves  more  and  more  rapidly  as  this  wire  is 
increased  in  length,  thinner,  and  as  the  resistance  proper  to  its  nature 
becomes  more  considerable.  We  thus  explain  how  it  is  that,  with 
a  rectilinear  conductor  and  a  given  discharge,  a  length  of  wire  which 
produces  the  strongest  magnetism,  if  the  length  is  less,  the  small 
movements  diminish  too  slowly ;  if  greater,  their  intensify  is  too 
much  enfeebled. 

Inasmuch  as  powerful  metallic  substances,  as  we  have  seen,  some- 
times increase  and  sometimes  enfeeble  the  magnetism,  it  is  sufficient 
that  they  weaken,  in  the  two  cases,  the  small  movements  propagated 
by  the  wire,  and  tiiat  their  section  be  not  simply  proportional  to  tiie 
absolute  quickness  of  these  movements.  It  suffices  then  to  admit, 
with  these  infinitely  small  displacements,  what  the  discovery  of  M. 
Arago  puts  in  evidence  with  oscillations  of  a  limited  amplitude. 

Under  the  influence  of  the  pile,  the  relative  phenomena,  whether 
of  direct  magnetism  or  of  the  action  of  metallic  envelopes,  are 
analogous  to  those  presented  by  the  discharges  of  ordinary  electricity. 
When  we  destroy  the  communication  whilst  the  needles  are  submitted 
to  the  actioit  of  a  wire  conductor,  it  is  natural  to  think  that  the 
equilibrium  is  re-established  in  this  wire  by  a  series  of  small  move- 
ments analogous  to  those  excited  by  the  discharge.  But  when  the 
needles  are  taken  away  from  the  voltaic  action,  witiiout  there  being 
a  sudden  interruption  of  the  circuit,  the  influence  which  a  metallic 
envelope  several  times  exercised  to  augment  the  magnetism,  seemed 
to  indicate  in  the  closed  cireuit  die  existence  of  two  contrary  currents, 
animated  by  very  different  speeds,  or  rather  by  small  movements, 
the  duration  and  quickness  of  which  were  in  the  two  opposite  direc- 

•  The  wire,  which  may  be  entirely  insalated  from  the  ffroimd  and  from  the 
battery,  receives  and  traosmitB  the  discharge  by  two  spans  withont  the  mag- 
netic effects  already  described  taking  place. 
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tioas.  A  pendulum  oscillating  in  the  medium,  whose  density 
decreases  continually  from  one  extremity  to  the  other  of  the  axis  it 
travels  oyer,  will  be  an  example  of  this  kind  of  movement.  Does 
not  the  contact  of  the  two  metals  present  such  a  medium  ?  This 
hypothesis,  which  may  give  birth  to  some  researches,  proper  either 
to  confirm  or  destroy  it,  can  only  acquire  additional  weight  by 
new  facts. 

In  applying  to  the  experiments  contained  in  this  memoir  the 
considerations  which  I  limit  myself  onl^  to  indicate  here,  I  have  not 
found  anything  for  which  they  do  not  easily  render  a  reason.  But 
it  would  be  too  long,  and  perhaps  misplaced,  to  enter  on  the  subject 
in  a  first  work  in  this  theoretical  discussion.  New  researches,  which 
it  has  suggested  to  me,  will,  I  hope,  furnish  me  with  an  occasion  of 
returning  to  it  and  the  means  of  developing  it. 


On  the  Chemical  SiaHes  of  Organized  Beings,  Extract  from  the 
concluding  Lecture j  in  VEcole  de  Medicine  in  Paris.  By  M. 
Dumas. 

Life,  whose  painful  mysteries  you  are  called  upon  to  fathom,  ex- 
hibits among  its  phenomena  some  which  are  manifestly  connected 
with  the  forces  that  inanimate  nature  herself  brings  into  action, 
others  which  emanate  from  a  more  elevated  source,  less  within  the 
reach  of  our  boldest  stretch  of  thought. 

I.  Plants,  animals,  man,  contain  matter.  Whence  comes  it? 
What  does  it  effect  in  their  tissues  and  in  the  fluids  which  bathe 
them?  What  becomes  of  it  when  death  breaks  the  bonds  by  which 
its  different  parts  were  so  closely  united  ? 

These  are  the  questions  which  we  touched  upon  together,  at  first 
with  hesitation,  for  the  problem  might  be  far  above  the  powers  of 
modem  chemistry ;  we  i^rwards  considered  them  with  somewhat 
more  confidence,  as  we  felt  from  the  silent  and  inward  assent  of  our 
understandings  that  the  path  was  sure,  and  that  we  could  descry  the 
goal  gradually  standing  out,  clear  of  all  that  obstructed  our  vision. 
If  from  these  labours  which  you  have  witnessed,  or,  I  should  rather 
say,  in  which  you  have  taken  part ;  if  from  this  scientific  effort  there 
have  arisen  some  general  views,  some  simple  formulae,  it  is  my  duty 
to  become  their  historian  ;  but  allow  me  the  pleasure  of  adding,  that 
they  belong  to  you,  that  they  belong  to  our  school,  the  intelligence 
of  which  has  been  exercised  on  this  new  ground.  It  is  the  ardour 
with  which  you  have  followed  me  in  this  career  that  has  given  me 
strength  to  pursue  it ;  it  is  your  interest  which  has  sustained  me  ; 
your  curiosity  which  has  awakened  mine :  your  confidence  which 
has  made  me  see,  and  which  proves  to  me  at  this  moment  that  we 
are  still  in  the  path  of  truth. 

These  remarks  will  remind  you  of  the  wonder  with  which  we 
fe^nd  that,  of  the  numerous  elements  of  modern  chemistry,  organic 
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nature  borrows  but  a  very  small  number  ;  that  from  these  yegetable 
or  animal  matters,  now  multiplied  to  infinity,  general  physiology 
borrows  not  more  than  from  ten  or  twelve  species  ;  and  that  aill  the 
phenomena  of  life  so  complicated  in  appearance,  belong,  eaBentially, 
to  a  general  formulae  so  simple,  that)  so  to  speak,  in  a  few  words  the 
whole  is  stated,  the  whole  summed  up,  the  whole  foreseen. 

Have  we  not  proved  in  fact,  by  a  multitude  of  results,  that  ani- 
mals constitute,  in  a  chemical  point  of  view,  a  real  apparatus  for 
combustion,  by  means  of  which,  burnt  carbon  incessantly  returns  to 
the  atmosphere  under  the  form  of  carbonic  acid ;  in  which  hydrogen 
burnt  wiUiout  ceasing,  on  its  part  continually  engenders  water; 
whence  in  fine,  free  azote  is  incessantly  exhaled  by  respiration,  and 
azote  in  the  state  of  oxide  of  ammonium,  by  the  urine? 

Thus  from  the  animal  kingdom,  considered  collectively,  con- 
stantly escape  carbonic  acid,  water  in  the  state  of  vapour,  azote,  and 
oxide  of  ammonium  :  simple  substances,  and  few  in  number ;  the 
formation  of  which  is  strictly  connected  with  the  history  of  the  air 
itself.  Have  we  not,  on  the  other  hand,  proved  that  plants,  in  their 
normal  life,  decompose  carbonic  acid  for  the  purpose  of  fixing  its 
carbon  and  disengaging  its  oxygen  ;  that  they  decompose  water  to 
combine  with  its  hydrogen,  and  to  disengage,  also,  its  oxygen ;  that 
in  fine,  they  sometimes  borrow  azote  directly  from  the  air,  and 
sometimes  indirectly  from  the  oxide  of  ammonium,  or  from  nitric 
acid ;  thus  working  in  every  case,  in  a  manner  the  inverse  of  that 
which  is  peculiar  to  animals  ?  If  the  animal  kingdom  constitutes  an 
immense  apparatus  for  combustion,  the  vegetable  kingdom,  in  its 
turn  constitutes  an  immense  apparatus  for  reduction,  in  which  re- 
duced carbonic  acid  3rields  its  carbon,  reduced  water  its  hydrogen, 
and  in  which,  also,  reduced  oxide  of  ammonium  and  nitric  acid 
yield  their  ammonium,  or  their  azote. 

If  animals,  then,  continually  produce  carbonic  acid,  water,  azote, 
oxide  of  ammonium ;  plants  incessantly  consume  oxide  of  ammonium, 
azote,  water,  carbonic  acid.  What  the  one  class  of  beings  gives  to 
the  air,  the  other  takes  back  from  it ;  so  that  to  .take  these  facts  at 
the  loftiest  point  of  view  of  terrestrial  physics,  we  must  say  that,  as 
to  their  truly  organic  elements,  plants  and  animals  spring  from  air, 
are  nothing  but  condensed  air ;  and  that  in  order  to  form  a  just  and 
true  idea  of  the  constitution  of  tiie  atmosphere  at  the  epochs  which 
preceeded  the  birth  of  the  first  organized  beings  on  the  surface  of 
the  globe,  there  must  be  placed  to  the  account  of  the  air,  by  calcu- 
lation, that  carbonic  add  and  azote  whose  elements  have  been 
appropriated  by  plants  and  animals.  Thus  plants  and  animals  come 
from  the  air,  and  thus  to  it  they  return  ;  they  are  real  dependencies 
of  the  atmosphere. 

Plants,  then,  incessantly  take  from  the  air  what  is  given  to  it  by 
animals ;  that  is  to  say,  carbon,  hydrogen,  and  azote,  or  rather, 
carbonic  acid,  water,  and  ammonia. 

It  now  remains  to  be  stated,  how  in  their  turn,  animals  acquire 
those  elements  which  they  restore  to  the  atmosphere  ;  and  we  can- 
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not  see  without  admiring  the  sublime  simplicity  of  all  these  laws 
of  nature,  that  animals  always  borrow  these  elements  from  plants 
themselves. 

We  have,  indeed,  ascertained,  from  the  most  satisfactory  results, 
that  animals  do  not  create  true  organic  matters,  but  tiiiat  they 
destroy  them ;  that  plants  on  the  contrary,  habitually  create  these 
same  matters,  and  that  they  destroy  but  few  of  them ;  and  that  in 
order  to  effectuate  particular  and  determinate  conditions. 

Thus  it  is  in  the  vegetable  kingdom  that  the  great  laboratory  of 
organic  life  resides ;  there  it  is  that  the  vegetable  and  animal  mat- 
ters are  formed,  and  they  are  there  produced  at  the  cost  of  the  air. 

From  vegetables  these  matters  pass  ready-formed  into  the  herbi- 
vorous animals,  which  destroy  a  portion  of  them,  and  accumulate 
the  remainder  in  their  tissues. 

From  herbiverous  animals,  they  pass  ready  formed  into  the  car- 
niverous  animals,  who  destroy  or  retain  some  of  them,  according 
to  their  wants. 

Lastly,  during  the  life  of  these  animals,  or  after  their  death,  these 
organic  matters,  as  they  are  destroyed,  return  to  the  atmosphere 
whence  they  proceeded. 

Thus  closes  this  mysterious  drele  of  organic  life  at  the  surface  of 
the  globe.  The  air  contains,  or  engenders,  oxidized  products,  as 
carbonic  acid,  water,  nitric  acid,  oxide  of  anmionium.  Plants,  con- 
stituting true  reducing  apparatus,  possess  themselves  of  their  radicals, 
carbon,  hydrogen,  azote,  ammonium.  With  these  radicals  they 
form  all  the  organic,  or  organizable  matters,  which  they  yield  to 
animals.  These,  forming  in  their  turn,  true  apparatus  for  com- 
bustion, re-produce  carbonic  acid,  water,  oxide  of  ammonium,  and 
nitric  acid,  which  return  to  the  air,  to  produce  anew,  and  through 
endless  ages  the  same  phenomena. 

And  if  we  add  to  this  picture,  already,  from  its  simplicity  and  its 
grandeur  so  striking,  the  indisputable  function  of  the  solar  light, 
which  alone  has  the  power  of  putting  in  motion  this  immense  appa- 
ratus, this  apparatus  never  yet  imitated,  constituted  of  the  vegetable 
kingdom,  and  in  which  is  accomplished  the  reduction  of  the  oxidized 
products  of  air,  we  shall  be  struck  with  the  import  of  these  words  of 
Lavoiser : 

'*  Organization,  sensation,  spontaneous  movement,  life,  exist  only 
at  the  surface  of  the  earth,  and  in  places  exposed  to  the  light.  It 
would  seem  that  the  fable  of  the  torch  of  Prometheus  was  the  ex- 
pression of  a  philosophic  truth  which  had  not  escaped  the  ancients. 
Without  light,  nature  was  without  life,  was  dead  and  inanimate : 
by  the  gift  of  Ught.  a  beneficlent  God  spread  upon  the  surface  of 
the  earSi  organization,  feeling,  and  thought.'' 

These  words  are  as  true  as  they  are  beautiful.  If  feeling  and 
thought,  if  the  noblest  faculties  of  the  soul  and  of  the  intellect,  have 
need  for  their  manifestation  of  a  material  covering,  to  plants  is  as- 
signed the  framing  of  its  web  with  the  elements  which  they  borrow 
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from  the  air,  and  under  the  influence  of  the  light  which  the  sun,  its 
inexhaustible  source,  pours  in  unceasing  floods  upon  the  surface  of 
the  globe. 

And  as  if  in  these  great  phenomena  all  must  be  connected  with 
causes  which  appear  the  most  distant  from  them,  we  must,  moreover, 
remark  how  the  oxide  of  ammonium,  the  nitric  acid,  from  which 
plants  borrow  a  part  of  their  azote,  are  themselves  almost  always 
derived  from  the  action  of  the  great  electric  sparks  which  flash  forth 
in  stormy  clouds,  and  which  (furrowing  the  lur  through  a  vast 
extent)  produce  there  the  nitrate  of  ammonia  which  analysis  detects 
m  it. 

Thus,  from  the  craters  of  those  volcanoes  whose  convulsions  so 
often  agitate  the  crust  of  the  globe,  continually  escapes  carbonic  acid, 
the  principal  nutriment  of  plants;  from  the  atmosphere  flashing 
with  lightnings,  and  from  the  midst  of  the  tempest  itself,  there 
descends  upon  the  earth  the  other  and  no  less  indispensable  nutriment 
of  plants,  that  whence  they  derive  almost  all  their  azote,  the  nitrate 
of  ammonia  contained  in  storm  showers.  Might  not  this  be  called, 
as  it  were,  an  idea  of  that  chaos  of  which  the  Bible  speaks,  of  those 
times  of  disorder  and  of  tumult  of  the  elements,  which  preceded  the 
appearance  of  organised  beings  upon  the  earth  ? 

But  scarcely  are  the  carbonic  acid  and  the  nitrate  of  ammonia 
produced,  than  a  form  more  calm,  although  not  of  inferior  energy, 
comes  to  put  them  in  action  ;  it  is  light.  Through  her  influence, 
the  carbonic  acid  yields  its  carbon,  the  water  its  hydrogen,  and  the 
nitrate  of  ammonia  its  azote.  These  elements  unite,  organized 
matters  form,  and  the  earth  puts  on  its  rich  carpet  of  verdure. 

It  is,  then,  by  continually  absorbing  a  real  force,  the  light  and  the 
heat  emanating  from  the  sun,  that  plants  perform  their  functions, 
and  that  they  produce  this  immense  quantity  of  organised,  or  or- 
ganic matter — pasture  destined  for  the  consumption  of  the  animal 
kingdom.  And  if  we  add,  that  animals  on  their  part  produce  heat 
and  force  in  consuming  what  the  vegetable  kingdom*  has  produced, 
and  has  slowly  accumulated,  does  it  not  seem  that  the  ultimate  end  of 
all  these  phenomena,  their  most  general  formula,  reveals  itself  to 
our  sight  ? 

The  atmosphere  appears  to  us  as  containing  the  primary  sub- 
stances of  all  organization,  volcanoes,  and  storms ;  as  the  laboratories 
in  which  were  first  produced  the  carbonic  acid  and  the  nitrate  of 
ammonia  which  life  required  for  its  manifestation,  or  its  multiplica- 
tion. 

In  aid  of  these  comes  light,  and  developes  the  vegetable  kingdom, 
immense  producer  of  organic  matter  ;  plants  absorb  the  chemical 
force  which  they  derive  from  the  sun  to  decompose  carbonic  acid, 
water,  and  nitrate  of  anmionia ;  as  if  plants  realised  a  reducing 

*  *^  Le  rfgne  animal^**  in  the  original ;  but  fhia  is  obviously  an  error. 
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apparatos  superior  to  all  those  with  which  we  are  acquainted,  for 
none  of  these  would  decompose  carbonic  acid  in  the  cold. 

Next  come  animals,  consumers  of  matter  and  producers  of  heat 
and  force,  true  apparatus  for  combustion.  It  is  in  them  undoubtedly 
that  organized  matter  puts  on  its  highest  expression.  But  it  is  not 
without  suffering  from  it  that  it  becomes  the  instrument  of  sensation 
and  of  thought ;  under  this  influence  organized  matter  undergoes 
combustion ;  and  in  reproducing  the  heat  and  the  electricity  which 
produce  our  strength,  and  which  are  the  measure  of  its  power,  these 
organized,  or  organic  matters  become  annihilated,  in  order  to 
return  to  the  atmosphere  whence  they  came.  Thus  the  atmosphere 
constitutes  the  mysterious  link  which  binds  the  vegetable  to  the 
animal  kingdom. 

Vegetables,  then,  absorb  heat  and  accumulate  matter  which  they 
have  the  power  to  organize. 

Animals,  through  whom  this  organized  matter  only  passes,  bum 
or  consume  it,  in  order  to  produce  in  its  aid  the  heat  and  the 
dijSerent  powers  which  their  movement  turns  to  account. 

Suffer  me,  therefore,  if,  borrowing  from  modem  science  an  image 
of  sufficient  magnitude  to  bear  comparison  with  these  great  pheno- 
mena, we  should  liken  the  existing  yegetation  (truly  a  storehouse  in 
which  animal  life  is  fed,)  to  that  other  storehouse  of  carbon  consti- 
tuted of  the  ancient  deposits  of  pit-coal,  and  which,  burnt  by  the 
genius  of  Papin  and  Watt,  also  produces  carbonic  acid,  water,  heat, 
motion :  one  might  almost  say,  life  and  intelligence. 

In  our  view,  Sierefore,  the  vegetable  kingdom  will  constitute  an 
immense  depot  of  combustible  matter,  destined  to  be  consumed  by 
the  animal  kingdom,  and  in  which  the  latter  finds  the  source  of  the 
heat  of  the  locomotive  powers  of  which  it  avails  itself. 

Thus  we  observe  a  common  tie  between  the  two  kingdoms,  the 
atmosphere ;  four  elements  in  plants  and  in  animals — carbon,  hydro- 
gen, azote,  and  oxygen ;  a  very  small  number  of  forms  under  which 
vegetables  accumulate  them,  and  under  which  animals  consume 
them ;  some  very  simple  laws,  which  their  connexion  simplifies 
still  more :  such  would  be  the  picture  of  the  most  elevated  state  of 
organic  chemistry  which  would  result  from  our  conferences  of  the 
present  year. 

Tou,  like  myself,  have  felt,  that  before  separating  we  have  need 
of  collecting  our  thoughts,  of  fixing  with  precision  aU  the  &cts,  of 
bringing  together  and  smnming  up  the  opinions  which  explain  and 
develope  these  great  principles  ;  lastly,  that  it  was  useful,  as  r^;arded 
your  fature  studies,  to  give  you  in  writing,  and  in  a  clearer  form, 
the  expression  of  ^ese  views,  which  were  partly  brought  into  exis- 
tence under  the  stimulus  of  your  presence,  and  consequently  reduced 
into  form  with  the  hesitation  which  so  often  accompany  the  first 
enunciation  of  our  thoughts. 

Since  [the  causes  of]  all  the  phenomena  of  life  are  exerted 
upon  matters  which  have  for  their  base  carbon,  hydrogen,  azote, 
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oxygen ;  nnee  these  matters  pass  oyer  from  the  animal  kingdom  to 
the  vegetable  kingdom,  by  intermediary  forms,  carbonic  acid,  water, 
and  the  oxide  of  ammonimn  ;  lastly,  since  air  is  the  source  whence 
the  vegetable  kingdom  is  fed,  and  the  reservoir  in  which  the  animal 
kingdom  is  annihilated,  we  are  led  to  take  a  rapid  survey  of  these 
different  bodies  with  a  special  view  to  general  physiology. 

Composition  of  Water. 

Water  ia  incessantly  formed  and  decomposed  in  animals  and 
plants ;  to  appreciate  what  results  from  this,  let  us  first  see  how  it 
is  composed.  Some  experiments  founded  on  the  direct  combustion 
of  hydrogen,  and  in  which  I  have  produced  more  than  two  pounds 
of  artificial  water :  experiments  which  are  in  truth  very  difficult 
and  very  delicate,  but  in  which  any  errors  wouM  be  imimportant 
with  regard  to  the  circumstances  which  we  are  engaged  upon  ; 
make  it  very  probable  that  water  is  formed,  in  weight  of  1  part  hy- 
drogen, and  8  parts  oxygen,  and  that  these  whole  and  simple  num- 
bers express  the  true  relation  according  to  which  these  two  ele- 
ments combine  to  form  water. 

As  substances  always  present  themselves  to  the  eyes  of  the  che- 
mist by  molecules,  as  he  always  endeavours  to  connect  in  his  thoughts, 
with  die  name  of  each  substance  the  weight  of  the  molecule,  the 
simplicity  of  this  relation  is  not  unimportant. 
.  In  fact,  each  molecule  of  water  being  formed  of  one  molecule  of 
hydrogen,  and  one  molecule  of  oxygen,  we  arrive  at  these  simple 
numbers,  which  cannot  be  forgotten^^ 

A  molecule  of  hydrogen  weighs  1 ;  a  molecule  of  oxygen  weighs' 
8  ;  and' a  molecule  of  water  weighs  9. 

Composition  of  Carbonic  Add, 

Carbonic  acid  keeps  incessantly  forming  in  animals,  and  is  con^ 
tinually  undergoing  decomposition  in  plants ;  its  composition,  there- 
fore, deserves  a  special  notice  in  its  turn. 

Now,  carbonic  acid,  like  water,  is  represented  by  the  most  simple 
numbers.  Experiments  founded  on  die  direct  combustion  of  the 
diamond,  and  on  its  conversion  into  carbonic  acid,  have  proved  ta 
me  that  this  acid  is  formed  of  the  combination  of  6  parts  by  weight 
of  carbon,  and  16  parts  by  weight  of  oxygen. 

We  are,  therefore,  led  to  represent  cairbonic  acid  as  being  formed 
of  one  molecule  of  carbon  weighing  6,  and  two  molecules  of  oxygen 
weighing  16,  which  constitute  one  molecule  of  carbonic  acid  weigh-- 
ing22. 

Composition  of  Ammonia. 

Lastly,  ammonia,  m  its  turn,  seems  formed  in  whole  numbers  of 
3  parts  of  hydrogen  and  14  of  azote,  which  may  be  represented  by 
8  molecules  of  hydrogen  weighing  8,  and  by  1  molecule  of  azote 
weighing  14. 
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Thus,  as  if  the  better  to  show  all  her  power.  Nature  operates  in 
fhe  business  of  organization  only  upon  a  very  small  number  of  ele- 
ments, combined  in  the  most  simple  proportions. 

The  atomic  system  of  the  physiologist  revolves  on  these  four 
numbers — 1,  6,  7,  8.  1  is  the  molecule  of  hydrogen ;  6  that  of 
carbon,  7  or  twice  7,  i.  e.  14,  that  of  azote ;  8  that  of  oxygen. 

These  numbers  should  always  be  associated  with  these  names, 
because  for  the  chemist  there  can  exist  no  abstract  hydrogen,  nor 
carbon,  nor  azote,  nor  oxygen.  They  are  beings  in  their  realify 
which  he  has  alwajrs  in  view ;  it  is  of  their  molecules  that  he  always 
speaks ;  and  to  him  the  word  hydrogen  depicts  a  molecule  which 
weighs  1  ;  and  the  word  carbon,  a  molecule  which  weighs  6 ;  aud 
the  word  oxygen,  a  molecule  which  weighs  8. 

Composition  of  the  Air, 

Does  atmospheric  air,  which  performs  so  great  a  part  in  organic 
nature,  also  possess  as  simple  a  composition  as  water,  carbonic  acid, 
and  ammonia  ?  This  is  the  question  which  M.  Boussingault  and  I 
have  recently  been  studying.  Now  we  have  found  that,  as  the 
greater  number  of  chemists  have  thought,  and  contrary  to  the 
opinion  of  Dr.  Prout,  to  whom  chemistry  owes  so  many  ingenious 
views,  air  is  a  mixture,  a  true  mixture. 

In  weight,  air  contains  2,300  of  oxygen  for  7*700  of  azote ;  in 
volume,  208  of  the  first  for  792  of  the  second.  The  air,  besides, 
contains  from  4  to  6  10,000ths  of  carbonic  acid  in  volume,  whether 
it  be  taken  at  Paris  or  in  the  country.  Ordinarily,  it  contains  4 
10,000ths.  Moreover,  it  contains  a  nearly  equal  quantity  of  the 
carburetted  hydrogen  gas,  which  is  called  marsh  gas,  and  which 
stagnant  waters  disengage  perpetually. 

We  do  not  speak  of  aqueous  vapour,  which  is  so  variable  :  of 
oxide  of  ammonium  and  of  nitric  acid,  which  can  only  have  a 
momentary  existence  in  the  air,  because  of  their  solubility  in  water. 

The  air,  then,  is  constituted  of  a  mixture  of  oxygen,  azote,  car- 
bonic acid,  and  marsh  gas. 

The  carbonic  acid  in  it  varies,  and  indeed,  greatly,  since  tlie 
difierences  in  it  extend  almost  from  the  simple  to  the  double,  from 
4  to  6  lOjOOOths.  May  not  this  be  a  proof  that  plants  take  from 
the  air  this  carbonic  acid,  and  that  animals  take  back  a  part  of  it  ? 
In  a  word,  may  not  this  be  a  proof  of  that  equilibrium  of  the  ele- 
ments of  the  air  attributed  to  (Jie  inverse  actions  which  animals  and 
plants  produce  upon  it  ? 

It  has,  indeed,  been  long  since  remarked,  that  animals  borrow 
from  the  air  its  oxygen,  and  give  to  it  carbonic  acid  :  plants  in  their 
turn,  decompose  this  carbonic  acid,  in  order  to  fix  its  carbon,  and 
restore  its  oxygen  to  the  air. 

As  animals  breathe  continually ;  as  plants  breathe  under  the  solar 
influence  only ;  as  in  winter  the  earth  is  stript,  whilst  in  summer  it 
t2 
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is  covered  with  verdure,  it  has  been  supposed  that  the  air  must 
transfer  all  these  influences  into  its  constitution. 

Carbonic  acid  should  augment  by  night,  and  diminish  by  day. 
Oxygen,  in  its  turn,  should  follow  an  inverse  progress. 

Carbonic  acid  should  also  follow  the  course  of  the  seasons,  and 
oxygen  obey  the  same  law. 

All  this  is  true,  without  doubt,  and  quite  perceptible  as  to  a  por- 
tion of  air  limited  and  confined  under  a  jar ;  but,  in  the  mass  of  the 
atmosphere,  all  these  local  variations  blend  and  disappear.  Accu- 
mulated centuries  are  requisite  in  order  effectually  to  put  in  action 
this  balance  of  the  two  kingdoms,  with  regard  to  the  composition  of 
air;  we  are  then,  very  far  from  those  daily  or  yearly  variations, 
which  we  had  been  apt  to  look  upon  as  being  as  easy  to  observe  as 
to  foresee.  With  regard  to  oxygen,  calculation  shows  that,  exag- 
gerating all  the  data,  not  less  than  800,000  years  would  be  required 
for  the  animals  living  on  the  surface  of  the  earth  to  consume  it 
entirely. 

Consequently,  if  we  suppose  that  an  analysis  of  the  air  had  been 
made  in  1800,  and  that  during  the  entire  century  plants  had  ceased 
to  perform  their  functions  on  the  surface  of  the  whole  globe,  the 
animals  at  the  same  time  all  continuing  to  live,  the  analysts  in  1900 
would  find  the  oxygen  of  the  air  diminished  by  1 -8000th  of  its 
weight :  a  quantity  which  is  beyond  the  reach  of  our  most  delicate 
methods  of  observation,  and  which,  assuredly,  would  have  no  influ- 
ence whatever  on  the  life  of  animals  or  plants. 

As  to  this,  then,  we  cannot  be  deceived ;  the  oxygen  of  the  air  is 
consumed  by  animals,  who  convert  it  into  water  and  carbonic  acid  ; 
it  is  restored  by  plants,  which  decompose  these  two  bodies. 

But  nature  has  arranged  everything  so  that  the  store  of  air  should 
be  such,  with  relation  to  the  consumption  of  animals,  that  the  want 
of  the  intervention  of  plants  for  the  purification  of  the  air  should  not 
be  felt  until  centuries  have  elapsed. 

The  air  which  surrounds  us  weighs  as  much  as  581,000  cubic 
kilometres  of  copper ;  its  oxygen  weighs  as  much  as  134,000  of  these 
same  cubes.  Supposing  the  earth  peopled  with  a  thousand  millions 
of  men,  and  estimating  the  animal  population  at  a  quantity  equiva- 
lent to  three  thousand  millions  of  men,  we  should  find  that  these 
quantities  united  consume  in  a  century  only  a  weight  of  oxygen  equal 
to  15  or  16  cubic  kilometres  of  copper,  whilst  the  air  contains  134,000 
of  it.  It  would  require  10,000  years  for  all  these  men  to  produce  a 
perceptible  effect  upon  the  eudiometer  of  Yolta,  even  supposing 
vegetable  life  annihilated  during  all  this  time. 

In  regard  to  the  permanence  of  the  composition  of  air,  we  may 
say  with  all  confidence,  that  the  proportion  of  oxygen  which  it  con- 
tains is  secured  for  many  centuries,  even  reckoning  for  nothing  the 
influence  of  vegetables,  and  that  nevertheless,  these  restore  oxygen  to 
it  incessantly,  in  quantity  at  least  equal  to  that  it  loses,  and  perhaps 
more  ;  for  vegetables  live  just  as  much  at  the  expense  of  the  carbo- 
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nic  acid  furnished  by  Tolcanoes,  as  at  the  expense  of  the  carbonic 
acid  fiimished  by  animals  themselves.  It  is  not  then  for  the  pur- 
pose of  purifying  the  air  that  these  breathe,  that  vegetables  are 
especially  necessary  to  animals ;  it  is,  above  all,  to  furnish  them 
incessantly  with  organic  matter  quite  ready  for  assimilation  :  organic 
matter  which  they  may  turn  to  tiieir  advantage. 

There  is,  therefore,  a  service  necessary,  without  doubt,  but  so 
remote,  that  it  can  scarcely  be  recognised,  which  vegetables  render 
us,  in  purifying  the  air  which  we  consume.  There  is  another  ser- 
vice, so  immediate,  that  if,  during  a  single  year,  it  were  to  fail  us, 
the  earth  would  be  depopulated  ;  it  is  that  which  these  same  vege- 
tables render  us  by  preparing  our  nutriment,  and  that  of  all  the 
animal  kingdom.  In  this,  especially,  is  found  the  chain  that  binds 
together  the  two  kingdoms.  Annihilate  plants,  and  the  animals  all 
perish  of  a  dreadful  famine ;  organic  nature  itself  entirely  disappears 
with  them  in  a  few  seasons. 

We  have,  however,  said  that  the  carbonic  acid  of  the  air  varies 
from  4  to  6  10,000ths.  These  variations  are  very  frequent,  and 
very  easy  to  observe.  Is  not  this  a  phenomenon  reproaching  the 
influence  of  animals  who  introduce  this  acid  into  the  air,  and  that  of 
vegetables  which  deprive  it  of  It  ? 

No ;  this  phenomenon,  you  are  aware,  is  a  simple  meteorological 
phenomenon.  It  is  with  carbonic  acid  as  with  aqueous  vapour, 
which  forms  on  the  surface  of  the  sea,  to  become  condensed  elsewhere, 
fall  again  in  rain,  and  be  reproduced  under  the  form  of  vapour. 
This  water,  which  is  condensed  and  falls,  dissolves,  and  carries  with 
it  carbonic  acid ;  this  water,  which  evaporates,  yields  up  the  same 
gas  to  the  air. 

A  great  meteorological  interest  would  attach  to  the  observation  of 
the  variations  of  the  hygrometer,  and  those  of  the  seasons,  or  of  the 
state  of  the  sky  with  the  variations  of  the  carbonic  acid  of  the  air ; 
but  hitherto  all  tends  to  show  that  these  rapid  variations  constitute  a 
simple  meteorological  event,  and  not,  as  has  been  thought,  a  physio- 
logical event,  which,  singly  considered,  would  infallibly  produce 
variations  infinitely  slower  than  those  which  are,  in  fact,  observed  as 
much  in  towns  as  in  the  country  itself. 

Thus  the  air  is  an  immense  reservoir,  whence  plants  may  for  a 
long  time  derive  all  the  carbonic  acid  necessary  for  their  wants ; 
where  animals,  during  a  much  longer  time,  will  find  all  the  oxy- 
gen that  they  can  consimne.  It  is  also  from  the  atmosphere  that 
plants  derive  their  azote,  whether  directly  or  indirectly :  it  is  there 
that  animals  finally  restore  it. 

The  atmosphere  is,  therefore,  a  mixture  which  unceasingly  re- 
ceives and  supplies  oxygen,  azote,  or  carbonic  acid,  by  means  of  a 
thousand  exchanges,  of  which  it  is  now  easy  to  form  a  just  idea,  and 
the  details  of  which  a  rapid  analysis  will  now  enable  us  to  appreciate. 

(To  be  continued). 
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Formation  and  Dispersion  of  a  Thunder  Shower ;  Parhelia^  and 
Meteorological  Register.    By  Willis  Gaylord.* 

In  looking  over  my  meteorological  notes  for  1839,  under  date 
of  August  21st,  I  observed  the  following : — ''  Witnessed  the  forma- 
tion and  dispersion  of  a  thunder  shower,  attended  with  some 
remarkable  phenomena ;"  and  as  the  formation  and  action  of 
clouds  and  storms  is  always  an  object  of  interest,  I  hare  thought 
a  description  of  the  one  alluded  to  might  not  be  altogether  without 
its  claims  to  notice. 

The  wind  on  the  21st  and  for  two  days  previous  had  been  south- 
wardly, most  of  the  time  S.  £.  The  20th  was  one  of  the  warmest 
days  of  the  season,  the  thermometer  at  2  o'clock  being  at  90*^,  and 
on  the  21st  the  mercury  at  9  o'clock  was  73*',  and  at  2  o'clock  at 
80^.  Although  the  lower  current  of  air  was  south,  the  upper  did 
not  seem  to  follow  the  same  course,  but  was  more  from  S.  of  W. 
This  was  shown  by  the  course  of  some  electric  clouds  on  the  20th, 
and  of  one  on  the  forenoon  of  the  21st.  A  little  after  2  o'clock  on 
the  21st  I  observed  a  large  mass  of  cumulus  in  the  S.  £.,  not  at  a 
great  distance,  and  witib  little  apparent  elevation.  An  electric 
cloud  which  was  passing  lay  low  in  the  horizon  at  the  S.,  but 
between  the  two  diere  was  no  connection ;  the  mass  of  cumulus 
was  completely  isolated,  a  line  of  blue  sky  being  distinctly  visible 
between  the  two ;  nor  was  there  any  appearance  of  stratus,  or  the 
cirri,  which  invariably  accompanies  an  electric  cloud.  There  was 
no  perceptible  wind  from  any  quarter. 

I  was  in  my  garden  some  ten  or  twenty  minutes  after  making  the 
above  observations,  and  not  far  from  3  o'clock,  when  my  attention 
was  arrested  by  a  heavy  roaring  in  the  direction  of  the  cloud,  like 
that  which  accompanies  a  fall  of  hail  or  violent  wind,  and  lookbig  at 
the  cloud,  I  perceived  that  a  mass  of  cirri  was  streaming  fr<»n  the 
summit  of  the  mass,  and  stretching  upwards  and  N.  £.  from  its 
highest  point.  There  was  little  appearance  of  stratus  at  this  time, 
and  not  die  slightest  indication  could  be  discovered  that  rain  or  hail 
was  falling  from  the  cloud.  I  carefully  examined  the  cloud  to  de- 
tect any  motion  which  might  exist  in  it,  but  not  the  least  move- 
ment was  perceptible,  except  that  in  a  few  minutes  the  stratus  began 
to  form  rapidly  at  the  base  of  the  cloud,  and  a  visible  prolongation 
and  elevation  of  the  cirri  was  taking  place.  In  a  short  time  rain 
could  be  discovered  precipitated  from  tiie  doud,  and  the  roaring 
noise  continued  without  interruption,  exhibiting  a  singular  contrast 
to  the  quiet  and  immovable  state  of  the  cloud.  At  this  time  the 
cloud  was  about  three  miles  distant,  and  the  angle  of  elevation 
shows  its  height  to  have  been  about  six  hundred  feet. 

The  general  movement  of  the  cloud,  it  was  soon  apparent,  was 
to  the  N.  W.,  and  in  about  twenty  minutes  after  die  first  indica- 
tions of  a  shower,  I  was  driven  within  doors  by  a  fall  of  die  largest 

*  From  SiUiman'n  American  Journal  of  Science. 
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^rop8  of  rain  I  think  I  haye  ever  seen.  They  were  not  numerous, 
but  in  &lling  seemed  as  large  as  cherries,  and  dashed  upon  the 
earth  with  IJie  seeming  force  of  a  hailstone.  No  hail  was  observed 
by  me,  but  the  size  of  the  drops  excited  general  notice.  A  heavy 
shower  of  perhaps  ten  minutes  followed  these  drops,  but  during 
the  whole,  though  the  roaring  noise  continued  unabated,  not  the 
slightest  wind  in  any  direction  could  be  felt,  but  the  water  poured 
down  perpendicularly  like  a  cataract.  This  was  particularly  ob- 
servable when  the  shower  had  passed  so  that  the  line  of  fall  was 
about  one  hundred  rods  to  the  west  of  us.  While  it  was  a  blue  sky 
over  head,  at  that  distance  from  us,  for  ten  minutes  the  water  was 
potiring  down  in  a  vast  sheet,  And  one  mile  west  of  us  more  water 
fell  than  during  any  other  shower  of  the  season.  Before  the 
shower  had  become  perpendicular  to  us,  or  perhaps  twenty  minutes 
after  the  first  rain  fell  from  the  cloud,  thunder  was  heard  in  it ;  and 
after  it  passed,  several  electric  rexplosions  occurred.  About  five 
miles  to  the  N.  W.  it  ceased  to  rain,  and  the  cloud  rapidly  melted 
away  ;  and  in  two  hours  from  its  commencement  nothing  was  to  be 
seen  of  it  except  the  train  of  cirri,  resembling  a  streak  of  ^.white 
smoke  high  up  the  sky. 

But  the  most  singular  part  of  this  electric  shower  remains  to  be 
noticed.  During  the  time  of  its  passage,  on  the  eastern  margin  of 
the  cloud,  about  two  miles  northeast  of  us,  little  rain  fell,  but  hail 
and  snow  were  both  precipitated  from  the  atmosphere.  On  the 
west  side  of  the  cloud  the  thermometer  was  but  little  affected,  not 
more  than  is  usually  the  case  in  summer  showers ;  on  the  eastern 
or  northeastern  side,  the  cold  was  perceptible,  and  the  thermometer 
fell  rapidly  ;  but  in  neither  case  was  their  any  apparent  atmospheric 
movement  to  account  for  such  a  change.  I  may  remark  here,  that 
while  the  cloud  remained  stationary  just  west  of  us,  it  was  rapidly 
extended  to  the  south  more  than  a  mile,  giving  a  heavy  fall  of  rain 
to  its  extreme  limit. 

I  have  no  particular  theory  to  support  or  promulgate  in  giving 
you  the  foregoing.  One  of  two  things  is  perfectly  clear  from  the 
facts  as  observed  by  me.  The  first  is,  that  there  was  no  visible  ro- 
tary movement  in  the  cloud  at  any  time ;  and  the  second  is,  that 
there  was  no  rush  of  surface  air  to  the  cloud,  which  would  seem 
necessary  had  the  noise  been  occasioned  by  an  internal  or  central 
whirl.  I  have  never  known  a  thunder  shower  in  which  such  a  per- 
fect stillness  of  the  whole  atmosphere  was  observable  as  during  the 
contmuance  of  this.  Still  some  such  movement  as  this  seems  ne- 
cessary to  account,  not  only  for  the  noise  that  attended  the  cloud, 
but  also  for  the  rapid  elongation  of  the  cirri,  and  the  formation  of 
the  hail  and  snow.  It  would  seem  that  by  some  ascending  move- 
ment, the  vapour  of  the  cloud  and  the  drops  of  rain  were  brought 
in  contact  with  air  below  the  freezing  point ;  and  the  large  drops  of 
water  that  fell  on  the  western  line  of  the  shower  must  have  been 
the  result  of  a  rapid  condensation  of  vapour  by  contact  with  air 
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slightly  above  that  point.  Is  it  not  possible  that,  owing  to  &e 
different  directions  of  the  upper  and  lower  strata  of  air,  a  rotary  or 
upward  morement  may  have  been  produced,  drawing  into  it  and 
elevating  the  vapour  of  the  upper  masses  of  cloud,  the  space  thus 
created  being  filled  by  more  elevated  and  colder  masses,  the  motion 
of  which  to  this  point  would  account  for  the  roar,  as  well  as  show 
how  the  condensatioQ  or  congelalion  that  took  place  might  have 
been  produced  ?  In  this  case  the  lower  air  might  have  remained, 
aa  it  certainly  did,  periiictly  quiescent,  wbile  the  upper  air  wm  in 
the  greatest  agitation. 

Parhelia, 
January  Ist  was  the  coldest  day  we  have  thus  far  bad  this  year 
at  this  place.  The  thermometer  at  7  o'clock  was  at  —  12",  at  9 
o'clock  — ■  10°,  and  at  2  o'clock  —  4°.  It  had  snowed  constantly 
for  about  three  days,  and  the  arerage  depth  was  not  less  than  three 
feet,  the  wind  from  the  north.  On  the  2ud,  the  wind  was  N.  W., 
the  thermometer  at  nine  o'clock  at  zero,  and  at  2  o'clock  9°  above. 
At  sundown  it  sunk  to  0.  A  dense  haze  seemed  to  hang  like  a 
curtain  in  the  west,  and  a  little  before  sundown,  brilliant  parhelia 
were  seen,  resembling  two  mock  suds.  Their  appearance  when 
about  five  degrees  above  the  horizon  was  somewhat  like  the  fol- 
lowing : — 

Fig.  1. 


On  Thursday  the  t6th  of  January,  a  day  which  was  generally 
noted  as  one  of  the  coldest  ever  known  in  this  country  (the  ther- 
mometer being  at  Albany  —  26°,  at  Schoharie  36°,  at  Utica 
—  21°,  at  Syracuse  — 14°,  at  this  place  —  10°,  and  at  Franconia 
in  New  Hampshire  41°),  occurred  another  beautiful  spectacle  of 
this  kind.  When  the  sun  was  about  a  quarter  of  an  hour  high  the 
appearance  was  as  below. 

Fijt.  2. 
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The  coloara  of  the  parheUa  in  this  caw  liTaHed  the  most  splendid 
appeaisnce  of  the  rainbow,  and  retained  them  until  the  sun  sunk 
below  the  horizon.  At  that  time,  what  maj  be  called  the  upper 
limba  of  the  parhelia  seemed  to  stand  like  beantifal  columns  of 
coloured  light  on  the  base  of  the  horizon. 

The  next  morning,  the  thermometer  being  at  — &",  the  moon, 
which  set  at  about  6  o'clock,  for  more  than  an  hoar  before  going 
down,  exhibited  the  moat  peribet  and  splendid  paraselene  erer  wit- 
nessed in  this  place.  The  appearance  was  seen  in  Fig.  3  ;  andwaa 
destroyed  only  by  the  moon's  passing  behind  a  doud  a  few  moments 
before  setting. 

Fig.  3. 


To  what  cause  these  meteorological  phenomena  are  usually  at- 
tributed 1  know  not,  unless  to  atmospheric  vapour ;  but  in  a])  these 
cases  they  seem  tairly  to  owe  their  origin  to  the  state  of  the  air 
consequent  on  the  intense  coid.  The  air  iiL  snch  a  state  of  cold  is 
filled  with  minute  crystals  of  frost,  and  the  reflection  from  these  is 
perhaps  sufficient  to  account  for  the  general  appearance.  But  the 
difference  in  the  figure  of  these  parhelia  would  seem  to  prove  that 
this  general  cause  roust  be  subject  to  many  modifications  from 
other  agents.  Is  this  change  of  figure  owing  to  the  different  forms 
which  it  is  well  known  the  crystals  of  snow  assome  at  difibrent 
times  7     The  explanation  I  leave  with  you. 

MeUoTologiccd  Rtgitter. 
Below  I  have  prepared  a  table  of  the  average  temperature,  the 
weather,  winds.  Sec,  for  the  years  1838  and  1839,  as  obserred  by 
me  at  &aa  place.  Otisco  is  about  fifteen  miles  west  of  south  from 
Syracuse,  and  at  an  elevation  of  eight  or  nine  hundred  feet  above 
that  place,  on  the  Senecca  branch  of  the  Erie  Canal. 


1888 
1839 

Wlndi  ud  Canna.                1 

200 

184 

77 
89 

78 
55 

18|T2 

I9|66 

154  «6 
135  62 

28 
42 

6|  2 
26|23 

16 
10 

41 
42 

48      lti2 
51     184 

The  extreme  range  of  the  thermometer  in  1838  was  between 
—  8°  on  the  last  day  of  January,  and  93°  on  the  last  day  of  July, 
giving  101°.  The  range  for  the  year  1839  was  —  8°,  January  23rd, 
and  90°  on  the  30th  of  July,  giving  99°.     An  Instance  of  those 
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sudden  changes  which  occur  in  our  climate,  took  place  on  the  19di 
of  October,  1839,  when  the  wind,  which  during  the  fore  part  of  the 
day  had  been  S.  W.,  at  half-past  2  o'clock  suddenly  veered  to  N.  W., 
and  the  thermometer  fell  from  65°  to  24°  in  three  and  a  half  hours; 
a  difference  of  41  degrees. 

I  haye  for  several  years  noticed  the  fact,  that  whatever  may  be 
the  direction  or  course  of  the  lower  strata  of  clouds,  that  of  the  cirri, 
or  highest  of  all  clouds,  is  almost  invariably  from  west  to  east  It 
is  nothing  uncommon  to  see  the  lower  clouds  drifting  in  heavy 
masses,  and  with  a  strong  wind  to  the  N.  or  N.  £.,  while  far  above 
them,  the  streamers  of  the  cirri  are  floating  undisturbed  towards 
the  S.  E.  or  E.  Indeed  it  is  veiy  rarely  observed  that  cirri  take 
any  other  course,  and  it  may  fairly  be  inferred  they  never  do,  until 
by  greater  condensation  they  approach  the  nature  of  cumulus,  and 
smk  into  the  action  and  infllience  of  the  lower  currents.  From 
their  observations  on  these  clouds  on  the  Cordilleras  of  South 
America  and  Mexico,  Humboldt  and  Boussingault  have  inferred, 
jmd  I  think  with  good  reason,  that  in  the  upper  regions  of  the  at- 
mosphere there  is  a  current  constantly  flowing  from  west  to  east, 
an  inference  which,  if  admitted,  assists  materially  in  developing  the 
theory  of  storms,  sudden  changes  of  temperature,  &c. 

A  glance  at  that  part  of  the  table  showing  the  course  of  the  wind 
will  explain  the  fact  noticed  by  Darby  and  others,  that  the  mass  of 
trees  growing  .on  the  eastern  shore  of  the  great  lakes  have  a  sensible 
inclination  to  the  east,  and  that  in  all  cases  where  the  hemlock 
occurs,  the  long,  flexible,  terminal  twig  of  that  tree  has  the  same 
uniform  declination  from  the  perpendicular,  and  in  the  same  direc- 
tion, a  little  north  oi  east.  The  same  thing  may  be  observed  of 
orchards,  in  which  probably  nine  tenths  of  the  trees  in  exposed 
situations  haye  a  similar  inclination.  In  the  first  year,  two  hundred 
and  twenty  days  of  the  three  hundred  and  sixty-five  the  winds  were 
from  the  W.  and  S.  W.,  and  in  the  last  one  hundred  and  ninety- 
seven.  The  remaining  days  the  winds  were  so  equally  divided  as 
not  to  counteract  this  influence  in  the  least,  and  consequently  the 
winds  from  that  quarter  overpower  all  others. 

The  average  temperature  of  the  years  1838,  1839,  and  1840,  for 
the  months  of  January  and  February,  is  given  below. 


January. 

February. 

1838 

- 

- 

- 

- 

-     26°     - 

- 

- 

- 

-     -  9° 

1839 

- 

- 

- 

. 

-     20°     - 

. 

- 

- 

-       24° 

1840 

• 

^ 

. 

• 

-     14°     - 

_ 

. 

• 

-       26° 

Time  of  observation,  9  o'clock,  A.  M. 

Thus,  it  seems  January  of  this  year  averages  12°  colder  than 
1838,  and  February  of  this  year  17^  warmer  than  that  year. 

The  month  of  April  with  us  has  been  remarkable  for  its  extreme 
and  rapid  fluctuations.  The  warmest  day  recorded  of  any  April 
here,  was  on  the  25th.     On  that  day  the  thermometer  in  the  shade 
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■t  2  F.H.,  wu  at  85°,  and  at  3  p.h.,  86  ;  on  the  2?th  at  6  a.m.,  it 
stood  at  28°  ;  being  a  change  of  58°  in  37  hours.  On  the  18th  at 
noon  the  thermometer  was  at  80°  ;  on  the  19th  at  aunrise,  it  was  at 
29° ;  being  a  change  of  51°  in  18  hours.  The  range  of  the  ther- 
mometer from  Jut.  1st,  when  it  was  —  14°,  to  Apiil  S5th,  when  it 
was  +86°,  is  100°;  a  difference  rarely  equalled  in  our  changeable 
climate. 


A  DeicriptioH  of  a  Hah  or  Corona  of  great  Sptendour,  observed  at 
Greenaburgh,  Westmoreland  County,  Pa.  By  Alpeed  T. 
KiHO,  M.  D.* 

If  you  consider  the  subjoined  deacrlption  of  one  of  those  me- 
teorological phenomena,  usu^y  denominated  by  philosophers  coronat 
or  halos,  which  was  obserred  in  this  town  about  eleven  o'clock  a.m., 
on  the  28th  of  August  last,  and  which  excited  considerable  interest 
among  the  intelligent  portion  of  the  community,  and  apprehension 
and  alarm  in  the  minds  of  the  uninformed,  worlJiy  of  a  place  in  your 
excellent  journal,  it  is  much  at  your  service. 


This  phenomenon  consisted  of  from  three  to  five  circular  bells 
or  zones  of  light,  one  of  which  emulated,  in  appearance,  the  splendor 
and  magnificence  of  the  most  gorgeous  rainbow.  The  arrangement 
of  these  rings  are  somewhat  singnlar ;  the  first,  or  inner  one,  which 
had  the  sun  for  its  centre,  was  tnUy  brilliant,  exhibiting  all  the 
prismatic  huea  of  the  rainbow,  the  colours  of  which  were  so  daziling 
that  the  unprotected  eye  could  scarcely  rest  upon  it  a  moment. 
This,  I  presume,  was  occasioned  by  the  sun  being  near  the  meridian, 
and  consequently  many  of  his  rays  would  impinge  upon  the  halo, 
without  passing  through  the  mass  of  Tapour,  to  the  existence  of  which 

•  From  Simnuu'i  Antericm  Journal  tfSeienct. 
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I  attributed  the  fonnation  of  the  halo.  The  outer  circles,  however, 
one  only  of  which  appeared  to  be  perfect,  were  composed  of  pure 
white  light,  and  had  for  their  centres  the  circumferences,  or  a  point 
near  it,  of  the  inner  ring.  Consequently,  these  circumferences,  if 
all  the  circles  had  been  perfect,  would  necessarily  have  passed 
through  the  apparent  situation  of  the  sun.  I  mentioned,  however, 
that  only  one  of  these  rings  was  perfect,  the  others  were  concentric 
arcs  of  circles  which  crossed  one  another,  as  seen  in  the  accompany- 
ing diagram. 

In  the  centre  of  the  inner  circle  and  bounded  by  it,  a  bluish  mass 
of  dense  vapour  was  perceptible,  which  gave  to  the  whole  an  embossed 
appearance,  and  added  much  to  tlie  beauty  and  brilliancy  of  the 
scene.  Around  and  within  the  exterior  circles  there  were  also  per- 
ceptible masses  of  vapour,  though  obviously  much  less  dense  than  the 
mass  which  was  nearer  the  sun.  With  the  exception  of  these  masses 
of  vapour,  and  a  large  cumulus  which  lay  to  the  south  of  us,  and  here 
and  there  a  few  scattered  cirri^  the  sky  was  cloudless  and  the  atmos- 
phere calm  and  serene.  The  mercury  in  the  thermometer  stood  at 
86°.  The  weather  continued  thus  for  thirty-six  hours,  when  we 
had  a  smart  fall  of  rain,  and  a  descent  of  the  mercury  in  the  thermo- 
meter to  36°,  at  which  point  or  near  this,  it  has  remained  until 
about  three  days  since,  when  it  rose  to  ^&^, 

Coronas  and  parhelia  have  frequently  been  observed  and  accu- 
rately and  glowingly  described  by  many  scientific  gentlemen,  and 
various  and  conflicting  opinions  have  been  entertained  respecting 
their  causes ;  some  attributing  them  to  the  peculiar  state  of  the  air 
consequent  upon  intense  cold,  while  others,  probably  more  correctly, 
attribute  them  to  the  refraction  and  reflection  of  the  rays  of  light 
through  masses  of  vapour  which  are  formed  in  such  aggregations  as 
are  not  heavy  enough  to  fall  in  the  form  of  drops.  Descartes  re- 
marks, that  halos  never  appear  when  it  rains.  Coronas  have  fre- 
quently been  observed  around  the  moon,  and  even  around  Sinus 
and  Jupiter,  but,  as  far  as  my  information  extends,  they  have  been 
but  seldom  variegated,  even  when  they  have  encircled  the  sun. 

I  know  not  to  what  cause  this  phenomenon  can  be  attributed, 
unless  it  be  to  the  refraction  and  reflection  of  the  sun's  rays  through 
-the  masses  of  vapour.  Doubtless  the  flrst  circle  was  thus  formed, 
and  if  we  suppose  the  rays  of  light  from  the  circumference  of  this 
circle  to  be  again  refracted  and  reflected  through  another  mass  of 
vapour,  an  outer  ring  would  evidently  result.  Again,  if  we  sup- 
pose the  same  to  take  place  from  another  point  of  tliis  circle,  a 
second  ring  would  be  formed  which  would  cross  the  other  in  some 
point  of  its  circumference,  and  in  like  manner,  I  presume,  any 
number  of  rings  may  be  formed.  I  ofler  this  explanation,  however, 
with  much  diffidence. 
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On  the  Variahle.  Action  of  the  Electric  Column. 
By  Mr.  J.  A.  Db  Luc* 

(Continued  from  page  243>. 

SiR,-^  Your  number  of  June  last  contains  a  paper  of  Mr.  Ronalds's, 
which  could  not  but  interest  me,  as  it  relates  to  the  yariable  action 
of  the  electric  column.  This  variableness  depends  on  many  causes, 
with  respect  to  one  of  which  we  do  not  agree,  and  it  will  be  the  ob- 
ject of  this  paper. 

I  have  found  in  my  experiments,  that  an  increase  of  moisture  did 
increase  the  action  of  the  column.  Mr.  Ronalds  is  of  a  different 
opinion ;  but  as  he  describes  the  experiments  from  which  he  con- 
cludes that  moisture  has  a  very  little  effect  on  that  action,  it  will  be 
easy  for  me  to  show  that  this  disagreement  between  us  results  from 
a  mistake  on  his  part,  and  that  his  experiments,  though  very  inge- 
nious, according  to  his  idea  of  the  subject,  are  quite  dissimilar  to 
those  whence  Fhad  derived  my  conclusion. 

One  single  circumstance  will  show  that  Mr.  Ronalds  did  not  un- 
derstand my  meaning.  I  could  not  refer  but  to  the  column  which 
I  had  described,  of  which  an  essential  circumstance  is,  that  it  is  in 
communication  with  the  outside  air,  and  thus  influenced  by  its  de- 
gree of  moisture ;  whereas  Mr.  Ronalds's  experiments  have  been 
made  with  one  of  Mr.  Singer's  columns  of  1000  groups  inclosed  in  a 
glass  tube  :  that  tube  therefore  precluding  the  action  of  the  external 
air,  the  inclosed  column  cannot  be  affected  by  its  changing  degree  of 
moisture.  I  do  not  doubt  that  when  Mr.  Ronalds  shdU  consider 
that  difference  between  our  experiments,  he  will  judge  that  the  re- 
sults which  he  relates  in  his  paper,  though  interesting  in  themselves, 
cannot  be  opposed  to  mine  :  but  I  must  come  to  particulars,  because 
they  will  contribute  to  a  further  explanation  of  this  new  physical 
apparatus. 

The  action  of  Mr.  Ronalds's  column  was  indicated  by  the  number, 
in  a  given  time,  of  the  strikings  of  the  gold  leaves  in  an  electrome- 
ter: in  his  second  experiment  made  imder  a  glass  receiver,  the 
strikings  having  been  five  in  the  beginning,  while  the  hygrometer 
was  41^,  and  the  thermometer  53|,  the  strikings  were  reduced 
to  three,  when  the  hygrometer  ascended  to  41 1,  and  the 
thermometer  descended  to  63^  ;  which  experiment  appears  to 
favour  Mr.  Ronald's  idea,  that  the  increase  of  moisture  ra- 
ther lessens  than  increases  the  action  of  the  column*  But  in  this 
experiment  the  column  being  inclosed  in  the  glass  tube,  the  increase 
of  moisture  took  place  on  the  surface  of  the  latter,  which  produced 
an  increase  of  conductive  faculty  for  the  electric  fluid  on  that  sur&ce, 
which  lessening  the  difference  of  electric  state  of  its  extremities, 
diminished  consequently  its  effect  on  the  electrometer. 

The  third  experiment,  in  which  the  room  was  gradually  heated, 
shows  a  case  in  which  I  had  partly  made  a  mistake,  pointed  oat  to 

*  FtomTiHwi^'BPhihtophical  Magazine. 
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me  by  Mr.  Singer.  In  one  of  my  experiments,  when  the  sun-rays 
feU  on  my  column  the  number  of  strikings  sensibly  increased,  and 
returned  gradually  to  their  former  number  when  the  sun-rays  ceased 
to  fall  on  it :  this  effect  I  attributed  entirely  to  the  action  of  the 
sun-rays  themselves ;  but  Mr.  Singer  conceiyed  that  it  was  only  the 
effect  of  heat  thus  increased  in  the  column.  I  considered  this  ex- 
pknation  as  deserving  to  be  submitted  to  direct  experiments ;  I 
have  since  long  observed  the  colunm  under  this  point  of  view,  and 
found  that  the  increase  of  heat  had  a  great  influence  to  increase  the 
number  of  strikings.  But  this  is  not  an  effect  so  simple  as  I  thought 
it  at  first ;  for,  with  the  same  increase  of  heat,  I  have  found  great 
differences  in  the  increase  of  the  correspondent  number  of  strikings ; 
which  circumstance  I  continue  to  think  must  be  owing  to  the  differ 
rence  in  the  electrical  state  of  the  ambient  air ;  and  thus  the  column 
is,  as  I  had  found  it  in  my  first  observations,  an  aerial  electroscope, 
which  property  Mr.  Ronalds  had  also  surmised.  But  too  many 
causes  interfere  with  that  state  of  the  ambient  air,  to  distinguish  that 
effect  with  certainty ;  and  it  will  require  a  longer  study  of  the  varia- 
tion of  the  effects  by  different  circumstances,  in  order  to  assign  the 
true  infiuence  of  each  of  them. 

Mr.  Ronalds's  experiment  7  is  a  confirmation  of  those  which  I 
had  described  in  a  paper  published  in  the  Philo8ophical  Traru actions 
of  the  Royal  Society  for  1791.  These  experiments  were  made  in 
order  to  show  the  cause  of  a  dissentiment  between  M.  de  Saussure 
and  myself  on  the  point  of  extreme  moisture,  which  I  had  prescribed 
to  be  taken  in  water  itself;  the  reason  of  which  I  stated  in  my  first 
paper  on  the  hygrometer,  published  in  the  Philosophical  TraneaC'- 
tiona  for  1774.  The  construction  of  M.  de  Saussure's  hygrometer 
did  not  permit  to  dip  it  in  water,  because  the  index  was  in  the  lower 
part  of  the  frame,  and  the  hair  of  which  it  is  formed  could  not  be 
dipped  in  water  without  the  whole  instrument,  its  index  and  scale, 
being  inmiersed  into  water :  he  therefore  fixed  its  point  of  extreme 
moisture  under  a  receiver  inverted  on  a  dish  full  of  water. 

Unluckily  this  circumstance  did  not  permit  M.  de  Saussure  to 
discover  the  defect  of  the  hair  and  of  all  the  threads  of  fibrous  sub- 
stances, which  is  to  relent  successively  their  lengthening  when 
moisture  increases,  and  even  at  last  to  grow  shorter,  more  or  less 
according  to  their  nature,  when  moisture  approaches  to  its  extreme ; 
which  circumstance  excludes  all  the  threads  from  a  true  hygrometer. 
But  my  hygrometer,  consisting  of  a  slip  of  whalebone  cut  across  the 
fibres,  is  not  subject  to  that  defect ;  it  lengthens  tip  to  the  point  of 
extreme  moisture  taken  in  water,  and  with  it  I  made  the  same 
experiment  under  the  receiver  inverted  on  water;  and  thus  I 
found  the  important  law  of  hygrology,  that  the  utmost  quantity  of 
evaporated  water  under  such  a  receiver  does  not  produce  extreme 
moisture  in  the  enclosed  space  when  the  degree  of  heat  is  sensibly 
above  82 :  and  that  it  recedes  from  it  in  proportion  as  the  heat 
increases.  Mr.  Ronalds  has  found  the  same  effect  in  his  experi- 
ment 7 ;  for  as  long  as  the  temperature  was  55,  which  lasted  a 
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long  while,  the  hygrometer  neyer  attained  a  point  higher  than  93. 
In  the  same  experiment  under  the  receiver  inverted  over  water, 
Mr.  Ronalds  found  the  number  of  strikings  gradually  to  decrease, 
from  4*5  in  a  minute  even  to  no  striking.  I  am  not  surprised  at 
this  effect,  as  it  proceeds  from  the  cause  which  1  have  already  indi- 
cated ;  for  the  glass  tube  in  which  the  column  was  inclosed  being 
more  and  more  covered  with  moisture,  its  surface  was  at  last  become 
such  a  conductor  of  the  electric  fluid  from  the  positive  to  the  nega- 
tive end,  that  it  became  neutral. 

The  last  experiments  of  Mr.  Ronalds  would  have  surely  reconciled 
our  opinions  on  this  subject,  had  they  been  made  on  purpose  for  its 
investigation ;  being  made  with  a  column  similar  to  mine,  composed 
of  800  groups,  supported  between  three  glass  pillars  covered  with 
sealing-wax ;  but  these  experiments  were  made  for  a  different  pur- 
pose. He  placed  an  hygrometer,  a  thermometer,  and  an  electrometer 
under  a  receiver  inverted  over  mercury,  in  order  to  introduce  suc- 
cessively an  acid  and  an  alkali,  and  to  observe  the  degree  of  dryness 
they  would  produce  :  with  the  acid  the  hygrometer  descended  from 
46|  to  29^  by  the  temperature  59| ;  having  then  removed  the  acid 
and  substituted  potash,  in  the  course  of  a  day  it  brought  the  hygro- 
meter to  24. 

These  experiments,  and  the  following,  in  which  Mr.  Ronalds 
made  moisture  increase  under  the  receiver  by  introducing  in  it  a 
moistened  card,  were  made  with  the  view  of  trying  the  effect  of  more 
or  less  moisture  for  increasing  the  action  of  the  column,  shown  by 
the  number  of  strikings  of  die  gold  leaf  in  the  electrometer,  in  a 
given  time,  compared  with  the  effects  of  the  changes  of  heat :  they 
certainly  prove  ihat  the  increase  of  heat  accelerates  the  strikings,  as 
Mr.  Singer  had  supposed ;  but  they  show  at  the  same  time,  what 
small  quantity  of  evaporated  water  in  a  given  space,  produces  in  it 
extreme  moisture,  and  that  the  increase  of  heat  with  the  same 
quantity  of  water,  tends  to  diminish  moisture. 

This  I  know  by  my  own  experiments,  which  are  the  object  of  my 
paper  in  vol.  xxxiii  of  Mr.  Nichqjlson's  Philosophical  Journal^  giv- 
ing an  account  of  two  series  of  experiments,  agreeing  with  each 
other,  by  which  I  determine  the  number  of  grains  of  water  which 
can  remain  in  the  state  of  vapour  in  the  space  of  one  cubic  foot,  by 
each  degree  of  my  hygrometer  and  of  the  thermometer.  It  may  be 
seen  in  the  table  of  the  results,  that  seven  grains  of  water  evaporated 
in  one  cubic  foot,  by  the  temperature  of  60,  brought  the  hygrome- 
ter to  96*6  degrees,  and  that  then  the  smallest  diminution  of  heat 
caused  a  deposit  of  water  on  the  sides  of  the  vessel.  This  shows 
what  small  quantities  of  evaporated  water  act  on  the  hygrometer 
in  all  its  degrees ;  an  important  circumstance  to  be  attended  to  in 
meteorological  systems  ;  a  subject  to  which  I  shall  return. 

The  above  experiments  made  with  the  greatest  care  in  a  glass  ves- 
sel, which  was  air-tight,  show  that  such  experiments  made  under  a 
receiver  are  more  difficult  than  is  commonly  imagined,  and  that  they 
cannot  be  opposed  to  my  experiments  made  in  open  air,  which  de- 
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monstrate  that  the  action  of  the  column  is  increased  by  the  increase 
of  moisture,  and  diminished  by  dryness.  But  a  more  direct  proof  of 
it  is  related  in  the  same  Philosophical  Journal  of  Mr.  Nicholson,  for 
August,  1810,  by  some  experiments  which  I  have  made  with  my 
late  very  ingenious  friend  Dr.  Lind,  for  ascertaining  immediately  the 
influence  of  moisture  on  the  action  of  the  column. 

In  this  experiment  all  the  parts  of  a  column  were  first  separately 
laid  on  the  hearth  of  a  chimney  before  a  great  fire,  so  that  the  pieces 
of  paper  were  abnost  singed.  In  that  state  we  mounted  the  column, 
and  it  did  not  affect  the  gold  leaf  electrometer.  We  then  dismounted 
again  that  colunm,  and  laid  also  the  separate  pieces  on  a  table  in  my 
room,  in  which  the  hygrometer  was  about  40^.  When  they  had 
thus  remained  one  hour,  we  remounted  the  column,  and  it  acted  on 
the  gold  leaves  as  it  did  before  the  papers  had  been  so  thoroughly 
dried  by  a  great  heat. 

This  I  think  to  be  a  direct  fact  proving  that  a  certain  degree  of 
moisture  in  the  column  is  indispensable  for  its  conductive  &culty, 
the  source  of  all  its  effects.  I  have  found  in  all  my  observations, 
that  within  certain  limits  an  increase  of  moisture  increases  the  ac- 
tion of  the  column ;  but,  whereas  the  effect  of  the  increase  of  heat 
is  immediately  perceived,  as  it  easily  penetrates  the  column,  that  of 
the  increase  of  moisture  is  very  slow,  because,  beginning  at  the  edge 
of  the  papers  on  the  outside,  it  very  slowly  propagates  in  the  internal 
parts  of  die  column  ;  a  circumstance  of  which  Mr.  Ronalds  has  not 
been  aware,  especially  by  his  column  being  inclosed  in  a  glass  tube. 

But  the  column  being  a  very  new  apparatus,  it  requires  some 
time  and  a  greater  number  of  observers  to  follow  all  the  views  it 
opens  in  the  terrestial  phenomena,  especially  in  those  of  the  atmos- 
phere which  constitute  meteorology.  This  was  my  geneial  con- 
clusion in  a  paper  published  in  vol.  xxxiii  of  Mr.  Nicholson's 
Philosophical  Journal^  under  this  title  :  **  On  Hygrology  and 
Hygrometry,  an4  their  Connexion  with  the  Phenomena  observed 
in  the  Atmosphere.*'  There  I  demonstrated  that  important  fact, 
not  only  in  meteorology,  but  in  natural  philosophy,  that  rain  does 
not  proceed  from  a  quantity  of  aqueous  vapour  or  moisture  existing 
at  any  time  in  any  portion  of  the  atmosphere  ;  that  it  must  proceed 
from  the  decomposition  of  the  atmospheric  air  itself,  from  which 
decomposition  more  or  less  complete  result  all  the  meteors,  lightnings, 
thunder,  hail,  and  other  atmospheric  appearances. 

I  have  been  thus  particular  in  the  examination  of  Mr.  Ronalds's 
opinions,  as  he  has  shown  much  ingenuity  in  his  experiments,  and 
because,  having  had  the  opportunity  of  being  personally  acquainted 
with  him,  I  agree  with  the  judgment  of  Mr.  Singer,  in  the  opening 
of  the  same  paper,  that  Mr.  Ronald's  "  is  an  electrician  of  great 
promise,  and  whose  scrupulous  attention  to  the  essentials  of  accurate 
experimental  inquiry  has  afforded  me  pleasure  to  observe." 

I  am,  sir,  your  most  obedient  servant, 

J.  A.  De  Luc. 

Windsor,  September,  1814. 
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Experiments  on  the  Variable  Action  of  the  Electric  Column,     Bg 
Francis  Ronalds,  Esq.,  Communicated  by  Mr.  Singer.**^ 

Very  soon  after  I  had  constructed  a  pendulum  apparatus  similar 
in  principle  to  that  of  M.  de  Luc,  described  in  vol.  zxvii,  page  161 
of  Nicholson* s  Journal^  and  had  observed  the  variety  of  its  action,  I 
suspended  an  hygrometer  and  a  thermometer  near  it,  by  which  I 
found  that  when  the  latter  rose  but  one  degree,  a  difference  of  four 
to  five  vibrations  in  a  minute  took  place,  whilst  no  such  effect 
occurred  if  the  former  advanced  two  or  three  degrees  towards 
dryness  unaccompanied  by  a  corresponding  rise  of  the  thermometer. 
It  was  therefore  evident  ^at  heat  is  the  principal  cause  of  the  varia- 
ble action  of  the  electric  column. 

The  following  experiments  were  made  with  a  gold-leaf  electrometer, 
in  order  that  they  might  be  repeated  and  varied  by  any  one  who 
may  not  be  inclined  to  construct  the  pendulum  apparatus  of  M.  de 
Luc's  contrivance,  or  provide  himself  with  one. 

The  negative  end  of  a  column  consisting  of  1000  groups  of  zinc 
and  gold  paper,  enclosed  in  a  glass  tube  with  interposed  discs  of 
paper,  as  improved  by  Mr.  Singer,  was  screwed  upon  one  side  of  a 
brass  tripod,  an  electrometer  on  another  side,  and  an  hygrometer 
and  thermometer  on  the  third  side.  A  glass  dish  was  placed  under 
the  tripod,  and  the  whole  apparatus  arranged  upon  the  plate  of  an 
air  pump. 

An  observation  was  generally  made  every  five  minutes.  In  the 
third  experiment  the  mean  of  several  observations  is  set  down 
instead  of  each  for  the  sake  of  brevity.  The  first  column  gives  the 
time ;  the  second  the  degree  of  the  hygrometer ;  the  third  that  of 
the  thermometer ;  and  the  fourth,  gives  the  number  of  strikings  per 
minute  of  the  gold  leaves. 


EXPERIMENT  1  IN  OPEN  AIR. 

Time.  Hygrom.  Therm.  Btrlk. 
fa.    m> 

3  41  53^  5 

3     5       41^         idem  idem 

3  10       idem       id.  id. 

3  15       id.  id.  id. 

3  45       41  54  id. 

4  id.  53|  id. 


EXPERIMENT  2  IN  THE  RECEIVER. 

Time.  Hygrom.  Therm.  Strik. 
h.   m. 

4  5  41  53|  5 

4  10  idem  idem  idem 

4  15  id.  id.    id. 

4  30  id.  id.    id. 

6  15  41|  53    3 


EXPERIMENT  3.  ROOM  GRADUALLY  HEATED. 

Time.  Hygrom.          Therm.           Strik. 

6  30  to     6  45  41-12         53*75         375 

6  50  to     7     0  40-33         55-33         5*66 

7  5  to     7  15  39-5           57-5           65 
7  20  to     7  40  38.28         58*8           74 

*  From  Tilloch's  Philosophioai  MagaztMe, 
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Time, 

h.    no.  h.    in* 

7  45  to  8     0 

8  5  to  8  30 
8  35  to  8  45 

8  50  to  9     5 

9  10  to  9  25 
9  30  to  9  50 
9  50 

9  55  to  10 


Hygrom.  Therm.  Strilre. 

37-5  61-18         8 

36-83  63-33         866 

35-66  65-33         8-66 

35-22  66-25  10-5 

34-5  67-25  12-5 

53-25  68-5  135 

32  70  17 

31-5  71  leaves  stuck  to  the^ 

sides  frequently. 


EXPERIMENT    4.        RECEIVER    RE-!  EXPERIMENT    6.       RECEIVER  AND^ 


MOVED. 


Time.     Hygrom. 
ha      m* 

0     20  40-5 

25  idem 

30  id. 

35  id. 


40 
45 


id. 
id. 


EXPERIMENT  5. 
PLACED  IN 


Therm.  Strike 

52  2-5 

idem  5-3 

id.  idem 

id.  id. 

id.  id. 

id.  id. 


SULPHURIC  ACID 
THE  DISH. 


Time, 
h.      m. 

55 
0 
5 
10 
15 
20 
25 
30 
15 
30 
45 
0 
15 
30 
45 
0 
15 
30 
45 
55 


Hygrom.     Therm.    Strlk. 


1 
1 
1 
1 
1 
1 
1 
2 

2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 


37 

31 

29 

25 

21 

19 

18 

16 

11 

10 

9-5 

9 

8-5 

8 

id. 

7-5 

id. 

id. 

7 

6-5 


52  2 

id.   id. 
id.   id. 
52-5  2-5 
id.    3 
id.   2-5 
id.   3 
id.   id. 

53  id. 
53-25  3-5 
53-5  3 

3-5 

5 

4-5 


54 
id. 
id. 
54-25  5 


id. 
id. 
54-5 
id. 


id. 
id. 
id. 
id. 


ACID  REMOVED. 


54-25  4 


Time.  Hygrom. 

h.  m. 

6  5  25 

6  20  36 

7  0  37 

Experiment  7. 
IN  THE   Dish, 

REPLACED. 

Time.  Hygrom. 

h.  m« 

7  15  39 

7  20  43 

7  25  48 

7  35  63 

7  40  66 

7  45  69 

7  50  71 

7  55  74 

8  0  75 
8  5  76-5 
8  10  78 
8  15  79-5 
8  20  80-5 
8  25  81 
8  30  82 
8  35  82-5 
8  40  83 
8  45  83-5 
8  50  84 

8  55  84-5 

9  0  85 
9  5  85-5 
9  10  86 
9  15  86-5 
9  20  87 


Therm.    Strlk. 

55-5     6 

id.        id. 
id.        id. 

Water  Placed* 
AND  Receiver^ 

Therm.    Strik. 


55 

54-5 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

55 

id. 

55-5 


4-5 

id. 

id. 

3-5 

id. 

8 

id. 

2-5 

id. 

2 

id. 

id. 

3 


54-25  2-5 


id. 
id. 
id. 
id. 
id. 
id. 
id. 
id. 
id. 
id. 
id. 


id. 

id. 

2 

id. 

id. 

1-5 

id. 

id. 

id. 

1 

0-^' 
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Time. 

Hjgrom. 

Thenn. 

strike. 

Time. 

Hy  groin. 

Therm. 

strike. 

&■      m. 

h. 

m. 

9     25 

87-5 

id. 

0-3 

10 

10 

91 

id. 

0-7in.div 

9     30 

88 

id. 

0-28 

10 

20 

91*5 

id. 

0-6  do. 

9     35 

88-5 

id. 

id. 

10 

30 

92 

id. 

id. 

9     40 

89 

id. 

0-25 

10 

40 

92-5 

55 

id. 

9     45 

89-5 

id. 

0 

10 

50 

93 

id. 

id. 

9     55 

90 

id. 

0 

11 

55 

95 

53 

id. 

10       0       90-5    55-25  lin.div 


Experiment  1.  Was  destined  to  try  whether  at  equal  degrees  of 
heat  and  moisture  in  the  open  air  an  uniform  action  prevailed,  and 
the  result  shows  that  it  was  nearly  so. 

Exp.  2.  Shows  that  the  same  uniformity  continued  in  the  re- 
ceiver, which  was  not  air  tight. 

Exp.  2.  Shows  that  when  the  air  of  the  receiver  was  gradually 
heated  from  53  to  70,  and  hy  this  means  the  hygrometer  made  to 
advance  9^  degrees  towards  dryness,  the  electrometer  increased  its 
strikings  progressively  from  3*75  to  17  times  per  minute. 

Exp.  4.  Proves  that  the  column  had  not  undergone  a  perma- 
nent change  hy  experiment  3. 

Exp.  5.  Shows  that  when  the  air  of  the  receiver  was  dried  hy 
means  of  sulphuric  acid  from  37  to  6|,  giving  for  the  whole  diminu- 
tion of  moisture  30^  degrees,  no  increased  intensity  took  place. 

Exp.  6.  Proves  that  the  column  had  not  heen  permanently 
affected  hy  the  last  experiment. 

Exp.  7.  Shows  that  when  the  air  was  moistened  56  degrees, 
the  intensity  was  diminished  from  4|  strikings  per  minute  to  a  diver- 
gence of  y^  inch. 

It  would  he  unnecessary  and  tedious  to  detail  some  other  experi- 
ments which  were  made  with  a  different  view,  hut  which  conspired 
with  the  above  to  indicate  that  heat  is  the  principal  cause  of  the 
phenomenon,  and  that  a  moist  atmosphere  produces  exactly  the 
same  effect  on  the  glass  tube  of  the  column  that  it  does  on  tlie  insu- 
lators in  all  other  electrical  experiments. 

It  now  therefore  seems  a  matter  of  some  interest  to  resolve  several 
queries  relative  to  the  mode  in  which  heat  acts :  for  instance,  does 
it  promote  the  electromotive  powers  of  the  metals  ?  Does  it  pro- 
duce the  effect  by  giving  motion  to  the  combined  moisture  of  the 
interposed  discs  of  paper,  or  by  rendering  those  discs  more  or  less 
conducting  ?  Is  there  any  analogy  between  the  column  and  the 
tourmalin  ?  The  justly  celebrated  inventor  of  this  modification  of 
the  Voltaic  pile,  having  first  observed  that  equal  degrees  of  heat 
and  moisture  were  not  accompanied  at  different  times  with  a  cor- 
responding intensity  of  action,  conceived  that  this  difference  was 
occasioned  by  changes  in  the  electrical  state  of  the  ambient  air,  for 
which  reason  he  gave  it  the  name  of  Aerial  Electroscope,  and  I 
think  the  evidence  of  our  present  experience  preponderates  in  fa- 
vour of  the  conjecture. 
u2 
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Beccaria,  Read,  and  others  have  shown  that  the  state  of  mois- 
ture of  the  higher  regions  of  the  atmosphere  is  intimately  con- 
nected with  that  of  its  electricity :  a  height  of  only  six  -ox  eight  feet 
above  the  surface  of  the  earth  ia  even  sometimes  sufficient  for  col- 
lecting powerful  electric  signs  in  an  open  situation.  I  have  by 
means  of  a  long  wire,  insulated  on  Mr.  Singer's  plan,  when  a  copioua 
dew  was  falling,  collected  pungent  sparks  when  the  height  of  the 
wire  did  not  exceed  five  feet  above  the  surface  of  the  earth  in  any 
part  of  it.  Hence  it  is  concluded,  that  we  cannot  measure  the 
electricity  of  the  higher  strata  of  the  atmosphere  until  that  of  the 
)ower,  which  may  be  excited  by  the  evaporation  or  condensation  of 
moisture,  or  by  position,  has  been  first  measured.  Now,  if  thia- 
electricity  of  the  lower  strata  could  be  proved  to  exist  in  a  'very  small 
degree  in  closer  situations,  there  would  be  no  reason  why  it  should 
not  influence  the  column. 

Mr.  Read  has,  in  my  opinion,  done  much  towards  thia  by  aid  of 
the  doubler. 

The  signs  which  the  doubler  produced  were  certainly  strongly 
analogous  to  those  of  his  rod,  and  there  are  several  other  experi- 
ments which  appear  to  me  to  prove  that  what  is  called  the  adhesive 
electricity  of  such  like  instruments  is  occasionally  no  other  than 
^at  of  the  ambient  air,  which  the  peculiar  structure  is  calculated  to 
collect  and  display. 

P.S. — Since  writing  the  above,  I  have  shown  Uie  tables  to  Mr. 
Singer,  and  was  glad  to  find  that  he  not  only  c<Mncided  in  the  con- 
elusions  drawn  fi^m  them,  but  also  in  the  idea  that  the  electric  state 
of  the  ambient  air  may  be  sufficiently  powerful  to  influence  ther 
column  :  but  I  wished  to  ascertain  the  effect  of  heat  upon  a  column 
not  inclosed  in  a  tube,  as  it  might  be  objected  diat  the  air 
immediately  in  contact  with  the  pile  I  used,  and  the  inner  aui&ce, 
was  not  dried  by  the  acid,  although  the  hygrometric  equilibriumr 
might  have  been  varied  by  heat.  I  therefore  borrowed  from  Mr. 
Singer  a  pile  consisting  of  800  groups  of  zinc,  silver,  and  paper,  sup-s- 
ported between  three  pillars  of  glass  covered  with  sealing-wax,  and 
placed  in  a  very  large  receiver,  together  with  an  hygrometer,  thermo- 
meter, and  electrometer  :  the  receiver  was  now  placed  over  mercury.^ 

The  divergence  of  the  gold  leaves  was  estimated  as  nearly  as  I 
could  guess  by  the  eye,  and  the  following  results  were  obtained : — 


Time. 

It         tn 

Qygrom. 

Tbtrm. 

El60tit>in. 

June  2nd. 

II*          IU« 

11    40   A.M. 

45 

561 
76| 

divergence  1*5  inch 

8     0   — 

42 

struck  3  times  per  minute 

10     0   — 

45 

64 

1*2  —  per  minute 

June  3rd. 

1       0    P.M. 

44 

58 

divergence  1*5  inch 

Receiver  taken  off. 

3  80   —        46^       58       idem 

8  37  receiver  placed  and  acid  introduced 

4  87   —  .   82|      59i    idem 
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Time.  Hjgrom.      TlMnn.  BlMtrom. 

6     0—       29\      59^     idem 

6  80  acid  removed  and  potash  substituted 

8    0   —        36        59      idem 
:June  4th.       9  30  a.m.       32        56      divergenoe  1*25  inch 
June  5th.        3  30  p^ic.       30         53  1*1  • 

8         —        29|      54      idem 
10         —        24        80      divergence  1*5 
Potash  removed. 
June  6th.      11     0  a.m.       35         53      idem 
June  7th.       0     0   —        a  moistened  card  placed  in  receiver. 
June  8th.      11  30   —        40         50       divergence  1*25  inch 

2  0   —         40         61  1-5 

3  30    —        S7|       77      struck        "1  per  minute 


3  45    —         371       80  3 

4  45    —         39         76  2-5 

5  45    —        40         71  1-5 
June  9th.       9     another  moistened  card  placed  in  receiver. 
June  10th.     6     0  p.m.       42         60      divergence  1*25  inch 

6  40    —         40         69  1*5 

6  50   —        Z9\      73      struck  2  per  minute 

7  25   —        39        77  3 

8  0   —         39J       80  4*5 

There  are  several  circumstances  deserving  observation  in  these 
experiments,  but  one  in  particular :  viz.,  that  on  the  5th  of  June, 
when  the  air  had  been  dried  by  a  long  continued  action  of  the  alkali, 
the  power  of  the  column  was  not  increased  by  a  rise  of  temperature 
in  its  usual  degree.  Possibly  the  discs  of  paper  had  been  also  de* 
prived  of  a  part  of  the  moisture  which  appears  necessary  to  the 
action  of  the  column. 

Hammersmith,  June  10,  1814. 


w^  Method  of  Measuring  the  Force  of  an  Electrical  BaLtery  during 
the  time  of  its  being  Vharged.     By  Lieut.-Colonel  Haldane.^ 

Let  the  battery  bo  insulated,  and  at  a  small  distance  from  it  place 
an  uninsulated  electrical  jar;  also  near  to  the  jar  place  one  of  Mr. 
Cuthbertaon's  electrometers. 

The  electrometer  being  adjusted  according  to  the  degree  of  force 
.which  is  intended  to  be  employed  as  a  jneasure  of  force  to  be  com- 
municated to  the  battery,  connect  the  electrometer  with  the  jar; 
make  a  metallic  communication  between  the  interior  side  of  the  jar 
and  the  exterior  side  of  the  battery,  and  connect  the  interior  side  of 
the  battery  with  the  conductor  of  an  electrical  machine. 

Then,  by  the  operation  of  the  electrical  machine,  the  battery 
receives  a  Quantity  of  the  electrical  fluid,  and  becomes  charged. 
Tl^e  fluid  which  departs  from  the  exterior  side  of  the  battery,  is  re- 

^  From  XichoUotC*  JourtuU. 
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ceived  by  the  electrical  jar,  which  also  becomes  charged ;  but  thi« 
jar,  being  coonected  with  the  electrometer,  explodes  as  soon  as  it 
acquires  a  force  sufficient  to  pat  the  electrometer  into  motion. 

Now,  the  quantity  of  the  electrical  fluid  which  is  received  by  this 
jar  between  each  of  the  explosions,  is  a  measure  of  the  quantity  of 
the  fluid  in  the  battery ;  and  the  number  of  explosions  or  discharges 
of  this  jar  shews  the  number  of  measures  which  the  battery  contains, 
and  consequently  the  force  which  it  is  capable  of  exerting  when 
discharged. 

Demonstration, 

The  electromejter  remaining  under  the  same  adjustment  will  re- 
quire the  same  force  to  put  it  in  motion :  this  force  results  from  the 
quantity  of  electrical  fluid  received  by  the  jar;  and  since  it  is 
admitted  that  when  effects  are  the  same,  the  causes  of  them  must 
be  equal,  it  is  evident  that  the  quantity  of  electrical  fluid  contained 
in  the  jar  at  the  time  of  each  explosion  is  the  same. 

It  is  also  obvious  that  the  sum  of  all  these  equal  quantities  of 
the  electrical  fluid  which  was  contained  in  the  jar  at  the  time  of  each 
explosion,  is  equal  to  the  whole  quantity  contained  in  the  battery  ; 
for  the  battery  being  insulated  the  jar  received  all  the  electrical 
fluid  which  departed  from  the  exterior  side  of  the  battery;  and  that 
quantity  is  said  (in  the  theory  of  Dr.  Franklin)  to  be  equal  to  the 
quantity  in  the  interior  of  the  battery. 

Therefore  it  is  manifest  that  the  number  of  explosions  or  dis- 
charges of  the  electrical  jar,  is  the  number  of  equal  measures  of  the 
electrical  fluid  which  the  battery  contains. 

But  without  putting  too  much  confidence  in  any  philosophical 
theories,  the  eflfccts  of  this  operation  may  be  more  satisfactorily 
shown  by  the  following  experiments : — 

Esfperiments, 

A  piece  of  iron  wire,  about  0.045  inches  in  diameter,  and  about 
two  inches  in  length,  was  placed  in  the  circuit  through  which  the 
discharge  of  a  small  electrical  battery,  which  contains  about  six 
feet  superficial  of  coated  glass,  was  to  pass. 

The  electrical  jar  employed  as  the  measure  of  the  charge  of  the 
battery  contained  about  ninety  square  inches;  and  the  adjustment 
of  the  electrometer  was  varied  in  each  set  of  experiments,  by  changing 
the  weight  applied  to  the  balance,  and  also  the  distance  of  the  dis- 
charging bails. 

Experiment  I. — The  electrometer  being  adjusted  with  its  least 
weights,  the  discharging  balls  placed  at  the  distance  of  one  inch, 
and  other  parts  of  the  apparatus  arranged  as  before  described,  the 
electrical  machine  was  put  in  motion,  the  battery  and  also  the  jar 
began  to  receive  a  charge,  as  was  shewn  by  the  repulsion  of  a  pith- 
ball  on  a  graduated  quadrant  placed  upon  the  electrometer. 

1.  After  the  first  explosion  of  the  electrical  jar,  that  is,  after  the 
battery  had  received  one  measure  of  the  electrical  fluid,  a  discharging 
rod  was  applied  to  complete  the  circuit  in  which  tlie  iron  wire  was 
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placed ;  but>  upon  the  discharge  of  the  battery,  no  change  of  appear- 
ance was  visible  in  the  wire* 

2.  The  operation  of  the  electrical  machine  being  continued,  the 
discharging  rod,  after  two  explosions  of  the  jar«  that  is,  after  the 
battery  had  received  two  measures,  was  applied  as  before ;  but,  upon 
the  discharge  of  the  battery,  no  change  appeared  on  the  wire. 

3.  The  battery  was  then  charged  with  three  measures ;  and  upon 
discharging  it  as  before,  luminous  particles  of  the  wire  were 
thrown  off. 

4.  The  battery,  having  received  four  measures,  the  wire,  upon  the 
discharge,  exhibited  nearly  the  same  appearance  as  before. 

5.  The  battery,  having  received  five  measures,  was  discharged ; 
the  wire  was  red-hot,  and  separated. 

6.  The  battery,  having  received  six  measures,  was  discharged ; 
the  wire  was  dispersed  in  red-hot  globules. 

The  battery,  upon  receiving  between  nine  and  ten  measures,  made 
a  spontaneous  discharge. 

Exp,  II. — In  the  second  set  of  experiments,  the  apparatus  was 
arranged  as  before,  and  the  electrometer  adjusted  with  the  same 
weight,  but  the  discharging  balls  were  placed  at  the  distance  of  two 
inches.  The  results  were,  upon  the  discharging  of  the  battery,  after 
having  received 


1  ...  No  alteration  in  the  wire. 

2  ...  Luminous  particles  thrown  offl 

3  ...  The  same,  with  smoke. 

4  ...  Red-hot,  and  separated. 

5  ...  Dispersed  in  red-hot  globules. 
Between  7   and   8  ...  A  spontaneous  discharge  of  the  battery. 

Exp.  III. — The  apparatus  being  arranged  as  before,  the  electro- 
meter was  adjusted  with  its  greatest  weight,  and  the  discharging 
balls  placed  at  the  distance  of  one  inch  ;  the  results  were,  upon  dis- 
charging the  battery,  after  having  received 

Bieasam. 

1  ...  No  alteration  in  the  wire. 

2  ...  Luminous  particles  thrown  ofil 

3  ...  The  same. 

4  ...  Red-hot,  and  separated. 

5  and  6  ...  Red-hot,  and  dispersed  in  globules. 
Between  8  and  9  ...  A  spontaneobs  discharge. 

Exp,  IV. — The  electrometer  being  adjusted  with  the  greatest 
weight,  the  discharging  balls  were  placed  at  the  distance  of  two 
inches.    The  results  were  : 


1  •••  Luminous  particles  thrown  off. 

2  •••  The  same,  with  smoke. 

3  ...  Red-hot. 

4  ...  The  wire  was  dispersed  in  red-hot  globules. 
Between        and  7  ...  A  spontaneous  discharge  of  the  battery. 
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Exp.  v. — The  apparatus  remained  as  in  the  fourth  experiment, 
with  the  addition  of  another  battery,  containing  twelve  feet  of  super* 
ficial  coated  glass,  and  the  iron  wire  placed  in  the  circuit  of  the 
discharge  of  this  battery  was  about  0.08  inch  in  diameter,  and  two 
inches  in  length .     The  results  were : 

HMsimt. 

1  ...  No  alteration  in  the  wire. 
4  ...  Luminous  particles  thrown  off. 
6  ...  The  same,  with  smoke. 
8  »..  Red-hot,  and  separated. 
10  •••  Dispersed  in  red-hot  globules. 
Between  15  and  16  ...  A  spontaneous  discharge. 

HENRY  HALDANE. 
Harley-street,  May  27, 1797. 

The  electrical  machine  employed  in  these  experiments  has  a  glass 
cylinder  of  nearly  18  inches  in  diameten  It  was  constructed  by 
Mr.  Nairne,  and  is  a  most  powerful  instrument,  particularly  in  ex* 
hibiting  all  the  phenomena  in  which  the  negative,  or  electricity  of 
the  rubber  is  concerned. 


An  Inquiry  into  the   Cause  and  Nature  of  Galvanism. 

By  Mr.  James  Milne. 

SECTION  I. 

From  the  great  difficulties  attending  the  theories  of  galvanism,  by 
Davy,  G.  Lusac,  Volta,  and  all  others  who  are  under  the  necessity  of 
calling  to  their  aid  the  assistance  of  attraction  and  repulsion,  two 
OQcult  qualities  of  matter,  which  may  be  said  to  have  never  been 
proved  to  exist,  and  of  which  we  can  form  no  idea  of  the  manner 
in  which  they  operate,  I  have  been  led  to  enquire  whether  a  more 
simple  and  obvious  property  in  bodies  would  not  account  fpr  the 
whole  phenomena,  without  having  to  call  in  the  aid  and  operation 
of  these  unknown  qualities  of  attraction  and  repulsion  :  and  from 
the  observations  which  I  have  been  able  to  make  in  carefully  read- 
ing over  the  whole  experiments  detailed  in  encyclopedias  and  other 
works,  I  am  of  opinion  that  the  theory  which  I  have  to  propose  will 
sufficiently  account  for  all  the  actions  exhibited  by  that  interesting 
element,  without  the  aid  of  attraction  or  repulsion.''^ 

Let  it  be  supposed  that  the  galvanic  fluid  is  one  of  a  most  sub* 
tte  and  elastic  kind,  like  heat,  of  which  it  is  supposed  to  be  a  modi- 
fication ;  that  it  is  of  universal  extent,  and  pervades  all  nature ;  that 
it  is  a  compressing  elastic  fluid,  and  has  a  tendency  from  its  own 
pressure,  like  all  elastic  fluids,  to  be  forced  into  the  pores  of  all  other 
bodies,  whether  elastic,  liquid,  or  solid,  in  which  there  is  space^for  it 
to  enter,  and  which,  from  their  open  nature  they  can  no  more  pre* 

*  The  essay  was  written  in  Deeember,  1833,  and  the  anthor  has  had  se** 
Teral  corroborating  proofs  of  the  troth  of  the  theory  since  that  period. 
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vent  its  tntraBion  into  them  than  sandstone  can  prevent  the  intru- 
sion of  water  when  immersed  in  it 

From  the  universal  extent  of  this  fluid  it  is  evident  that  every 
suhstanee  or  hody  which  is  parous  must  be  full  of  it,  and  that  all 
are  surrounded  with  it ;  that  wherever  the  balance  or  equilibrium  is 
disturbed  by  any  means,  it  will  have  a  tendency  to  regam  its  former 
state ;  and  with  all  the  celerity  which  the  nature  of  the  fluid  is  cal- 
culated to  produce.  This  fluid  and  electricity  is  supposed  to  be  the 
same ;  but  its  eflects  are  differently  modified  by  the  means  taken  to 
accumulate  and  discharge  it ;  that  the  sun,  and  planets,  and  stars 
are  surrounded  with  it ;  and  that  its  extent  is  commensurate  with 
the  universe. 

From  the  different  texture  of  substances  it  must  be  evident  that 
some  will  admit  it  much  more  freely,  and  part  with  it  much  more 
readily  than  others ;  just  as  some  kinds  of  stone  and  sand  imbibe 
and  part  with  water  much  more  readily  than  others.  In  consider- 
ing these  substances  it  must  be  recollected  that  the  porous  nature  of 
many  bodies  admit  water  and  air,  and  other  gases,  and  that  the 
galvanic  fluid  will  occupy  the  pores  in  the  air  and  water  that  are  in 
these  substances,  and  such  other  pores  as  may  be  impervious  to  the 
water,  air,  &c. 

It  is  evident  the  different  bodies  must  have  different  capacities 
for  holding  the  galvanic  fluid;  some  will  hold  double,  treble,  or 
more  of  it  than  others.  It  is  found  that  metals  admit  and  part  with 
galvanic  electricity  readily,  or  that  they  are  good  conductors  of  it. 
What  should  be  the  cause  of  this  property  is  not  very  obvious.  If 
those  are  the  best  conductors  which  are  most  easily  oxidable,  would  not 
(his  indicate  that  it  is  on  account  of  the  greater  quantity  of  galvanic 
electricity  they  contain  ?  But  be  this  as  it  may,  it  does  not  affect 
the  theory  here  proposed,  for  it  will  not  be  doubted  or  denied  that 
the  different  substances  have  different  capacities  for  galvanic  elec- 
tricity, in  the  same  way  as  they  are  allowed  to  have  for  caloric.  Ad- 
mitting then  that  the  same  kinds  of  matter,  and  some  kinds  of  me- 
tals, have  the  property  of  transmitting,  or  what  is  the  same,  of 
admitting  and  parting  with  galvanic  electricity  quicker  than  others, 
and  that  the  fluid  is  universal ;  I  shall  attempt  to  describe  how  all 
the  different  galvanic  phenomena  may  be  accounted  for  by  the 
known  laws  of  matter. 

In  the  galvanic  trough  the  zinc  plate  is  a  better  conductor  of 
galvanic  electricity  than  the  copper  one,  that  is,  it  admits  and  parts 
with  ii  quicker.  The  diluted  acids  also  are  supposed  to  have  their 
full  share  of  galvanic  electricity,  and  the  plates  and  acids  are  so 
arranged  that  the  zinc  plate  being  of  greater  capacity  for  the  galvanic 
fluid  than  the  acid ;  therefore^a  part  of  the  galvanic  electricity  is  taken 
from  the  acid  and  absorbed  by  the  zinc  in  each  of  the  divisions,  by 
which  the  zinc  is  so  overcharged  as  to  commnnicate  part  to  the  copper. 
The  copper  becomes  thereby  over  charged,  and  again  communicates 
it  to  the  acid  in  the  next  cell ;  so  that  a  continual  circulation  of  the 
galvanic  electricity  will  go  on  till  it  accumulates  at  the  right  hand 
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acid^  so  as  to  admit  no  more  from  the  copper,  and  the  copper  to  ad- 
mit no  more  from  the  zinc,  and  a  state  of  equilibrium  be  induced. 
But  if  now  a  wire  is  used  to  connect  the  ends  of  the  trough,  the 
superabundant  fluid  at  the  right  hand  cell  of  acid  will  flow  to  the 
acid  at  the  left  hand  cell  along  the  wire ;  then  it  will  again  be  com- 
municated to  the  zinc,  the  copper,  and  the  acid  in  each  division,  and 
form  a  circular  stream  till  the  acid  or  plates  get  oxidized,  when  it 
will  cease  to  flow. 

To  make  the  operation  more  plain,  suppose  the  zinc  and  copper 
plates  soldered  together,  and  put  into  the  trough  before  the  acid  is 
put  in,  and  that  these  plates  are  each  as  full  as  their  capacities  .would 
permit,  and  in  a  state  of  equilibrium  with  respect  to  each  other;  but 
that  the  zinc  admitted  and  parted  with  the  electricity  quicker  than 
the  copper,  the  acid  being  tnen  poured  into  the  trough  between  the 
plates,  and  as  it  does  not  hold  the  galvanic  fluid  in  the  same  state  of 
equilibrium  with  the  plates  of  zinc  or  copper,  it  either  communicates 
some  of  its  electricity  to  the  plates  or  admits  it  from  them.    Sup- 
pose that  it  possesses  a  surplus,  and  communicates  it  to  the  plates, 
each  of  the  plates  will  admit  a  quantity  proportioned  to  their  capa- 
cities ;  but  they  may  have  diflferent  capacities  as  well  as  difierent 
powers  for  admitting  and  parting  with  it  quickly ;  and  we  are  here 
to    suppose    that    the    zinc    admits  it  much    quicker   than  the 
copper,   and  that,   consequently,   the    zinc   is   saturated   with  it 
first   or   soonest,   and   is  transmitting    it   to  the  copper    before 
the  copper  has  received  all  that  it  could  admit  from   the   acid, 
and    that    this    has   been    going    forward   in   all    the    divisions. 
The  consequence  would  be  that  the  acid  would  be  deprived  of  a 
great  quantity  of  its  electricity  in  each  trough,  or  division ;  and  that 
the  zincs  being  saturated  before  the  copper,  they  would  l^  giving 
the  electric  fluid  to  the  copper,  at  the  same  time  that  the  copper 
would  be  receiving  it  on  the  other  side  from  the  acid ;  but  before 
the  copper  is  in  equilibrio  with  the  acid  and  the  zinc,  the  acid  hav- 
ing parted  with  the  galvanic  fluid  to  both  the  zinc  and  copper,  is 
reduced  to  the  equilibrium  of  the  copper,  before  the  copper  is  in 
equilibrium  with  the  zinc.     The  zinc,  therefore,  continues  to  pour 
it  into  the  copper  at  the  same  time  it  is  continuing  to  take  it  from 
the  acid  :  the  acid  is  by  this  means  robbed  of  its  galvanic  fluid,  audits 
equilibrium  is  also  prevented ;  and  the  copper  begins  to  give  back  to 
the  acid,  the  acid  to  give  to  the  zinc,  and  the  zinc  to  the  copper  in 
the  next  cell,  and  so  on  till  the  whole  would  come  to  an  equilibrio 
by  the  right  hand  acid,  and  the  zinc  having  imparted  as  much  to 
the  copper  as  to  put  them  in  equilibrio,  and  the  others  in  the  same 
way.     But  suppose  a  wire  or  other  conductor  now  to  connect  the 
extreme  cells  of  the  trough,  by  which  the  circuit  would  be  completed, 
no  influence  would  take  place  till  the  equilibrium  was  destroyed  by 
some  means,  and  the  means  is  the  acid  which  liberates  the  galvanic 
fluid  from  the  zinc  plates,  and  supplies  it  to  the  copper ;  the  acid, 
at  the  same  time,  conducts  it  from  the  copper  to  the  zinc,  and  is  the 
medium  by  which  it  passes. 
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Bat,  according  to  this  hypothesis,  if  water  were  used  in  place  of 
acid,  the  galvanic  influence  should  still  take  place,  if  the  equilibrium 
is  destroyed  by  the  water  being  put  into  the  trough  of  a  different 
capacity  for  the  galvanic  fluid,  as  it  imparts  it  quickly  to  the  zinc 
and  slowly  to  the  copper.  The  water  not  acting  chemically,  or  very 
slightly  so,  upon  the  plates,  no  vibration,  or  only  a  very  slight  one^ 
is  produced ;  and  the  galvanic  fluid  is  not  propelled  to  the  different 
ends  of  the  trough  wi&  the  same  celerity  as  when  the  acid  is  used. 
If,  however,  the  equilibrium  was  allowed  to  obtain  among  the  water 
and  metals,  and  no  chemical  action  to  take  place,  then  no  galvanic 
effect  would  be  produced,  because  there  would  be  complete  rest : 
but  the  contact  of  the  metals  themselves  has  a  chemical  effect,  and 
so  would  pure  water  have  upon  them,  but  only  in  a  slighter  degree 
than  acid,  and  a  current  of  galvanic  fluid  would  still  flow  along  the 
connecting  wire,  but  only  in  a  less  sensible  stream. 

According  to  this  theory  any  other  substance  beside  metals  might 
be  employed  in  the  trough,  if  the  one  was  a  better  conductor  of 
electricity  than  the  other,  and  arranged  in  a  certain  order. 

SECTION  II. 

In  chemical  science  it  has  been  the  study  of  the  chemist  to  ascer- 
tain and  point  out  the  different  affinities  that  bodies  have  to  each 
other;  to  show  which  are  the  strongest;  what  are  the  laws  that 
regulate  the  composition  and  decomposition  of  bodies,  and  to  dis- 
cover the  cause  of  affinity  and  repulsion  when  bodies  are  brought 
into  certain  positions  with  respect  to  each  other. 

Sir  Humphry  Davy  was  among  the  first  who  gave  anything  like 
a  probable  reason  why  the  affinity  of  bodies  might  be  owing  to  the 
influence  of  the  electric  fluid.  That  hypothesis  since  his  time  has 
received  a  considerable  degree  of  corroboration  by  several  authors : 
but  though  all  these  authors  have  found  from  experiment  that  elec- 
tricity is  intimately  connected  with  every  change  of  chemical  action, 
yet  they  have  not  attempted  to  account  for  the  production  of  the 
action,  or  mode  of  operation  by  the  presence  of  the  electrical  fluid. 
They  find  that  an  action  takes  place  when  two  or  more  bodies  are 
brought  together,  but  they  have  not  attempted  to  show  what  it  is  in 
these  bodies  which  gives  rise  to  the  action  :  the  mode  of  opeiation 
is  not  investigated ;  they  only  find  that  there  is  weaker  or  stronger 
affinities,  attractions,  or  repulsions,  and  to  these  they  ascribe  the 
effects  which  take  place. 

These  philosophers  have  discovered  that  when  a  certain  arrange- 
ment of  metals  and  liouids  are  placed  together,  as  in  the  galvanic 
trouffh,  that  certain  aecom positions  and  recompositious  are  the 
result,  by  means  of  a  stream  of  electricity ;  but  they  have  not  shown 
why  that  stream  should  produce  such  effects,  or  why  it  should  take 
place  by  the  metals  and  liquids  being  so  arranged. 

My  object  in  this  investigation  is  to  discover  what  it  is  in  the 
bodies  that  is  the  cause  of  the  changes  which  is  effected  by  that 
arrangement.     It  must  proceed  from  some  quality  or  property  in 
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the  bodies  employed  in  connection  with  their  arrangement,  which 
enables  them  to  produce  a  current  or  stream  of  electricity.  It  is 
found  that  different  kinds  of  metals  will  produce  this  effect;  and 
that  different  kinds  of  liquids  may  also  be  employed  with  effect. 
But  the  metals  must  be  arranged  all  in  a  particular  order,  and  that 
a  medium  of  communication  must  be  established  between  the  plates 
by  a  liquid  or  other  conducting  body ;  and  it  is  found,  that  were 
but  only  one  of  the  plates  reversed,  the  stream  of  electricity  would 
no  longer  circulate.  How  has  this  apparatus  produced  this  current 
of  electricity  is  the  question  to  be  answered  ?  That  it  has  produced 
it  is  unquestionable.  Has  its  motion  in  passing  through  any  of  the 
acid  solutions  been  ascertained?  Is  it  propagated  by  vibrations, 
undulations,  or  by  a  right  forward  motion  in  the  fluids  ?  That  it  is 
propagated  by  undulations  seems  highly  probable,  because  the  fluid 
is  stationary  and  cannot  get  forward ;  and  as  the  whole  surface  of 
the  plate  must  act  on  the  acid  fluid  at  the  same  time,  the  electric 
fluid  will  be  communicated  to  every  touching  particle,  and  transmitted 
from  it  to  the  one  adjoining  successively,  till  it  reach  the  next  plate. 
Whether  the  electric  fluid  is  transmitted  in  this  way,  or  whether  it 
is  only  a  system  of  vibrations  communicated  from  the  plates  to  the 
acid  fluid  in  the  troughs,  and  by  it  to  the  plates  in  •succession,  I 
shall  not  at  present  pretend  to  know.  If  it  is  by  vibrations  only, 
then  it  must  be  supposed  that  the  air  and  acid  is  saturated  with  the 
electric  fluid ;  that  it  is  only  put  in  motion  by  the  vibrations ;  and 
that  the  vibrations  are  so  quick  as  to  separate  the  elements  of  water, 
or  other  substances,  at  the  sharp  ends  of  the  wires. 

But  how  does  it  happen  that  only  one  element  is  evolved  at  one 
wire  P  Where  goes  the  other  P  Does  it  go  to  the  other  wire  P  If 
the  separation  takes  place  at  the  positive  wire,  why  does  one  gas 
evolve  there,  and  not  both  gases  rise  together  ?  Has  the  stream  of 
electricity  a  tendency  to  carry  the  one  gas  forward  to  the  other  or 
negative  point  of  the  wire,  and  leave  the  other  to  rise  to  the  surface  P 
This  seems  to  be  the  case  from  observing  the  platinum  wire  :  but 
whether  this  be  the  case  or  not  may  probably  be  ascertained  by 
experiment.  One  thing  seems  probable,  that  the  electric  fluid  611s 
all  space  in  all  substances,  solid,  liquid,  and  gaseous,  and  that  its 
circulation  or  current  is  caused  by  a  change  of  temperature  in  the 
substances.  This  change  of  temperature  may  be  caused  by  the 
plate  being  composed  of  two  metals  which  have  different  capacities 
for  caloric  by  being  soldered  together;  the  conmiunication  being 
complete,  the  heat  of  the  one  which  has  the  greater  capacity  will 
be  flowing  into  the  other  continually  till  it  be  saturated,  and  a 
balance  be  established.  But  as  there  is  a  communication  by  means 
of  the  acid  in  the  trough  for  the  colder  caloric  to  escape  to  the 
next  adjoining  warmer  plate,  it  will  go  there,  and  enter  that  plate, 
but  that  plate  being  also  soldered  to  another  of  less  capacity  for 
caloric,  it  will  be  continually  discharging  its  caloric  into  tnat  plate, 
and  the  plate  again  into  the  acid  fluid,  and  so  on  through  the  whole 
trough.     The  two  extreme  plates  having  wires  fixed  to  them,  the 
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points  of  these  wires  being  brought  near  together  enables  the  stream 
to  be  completed,  or  the  circuit  formed,  by  which  the  electric  fluid  is 
.  formed  to  produce  such  extraordinary  effects. 

It  may  still  be  asked  what  makes  the  stream  of  electricity  circulate, 
if  there  is  no  impelling  force  or  power  P  The  answer  is,  that  it  is 
owing  to  the  elasticity  of  the  electric  fluid,  which  has  a  tendency, 
from  its  elasticity,  to  produce  an  equal  state  of  density  in  every 
body,  and  throughout  the  universe.  The  intensity  of  the  fluid 
is  as  its  density,  every  particle  being  the  same  wherever  it  is  placed, 
but  by  its  rarity  it  becomes  less  hot,  and  by  compression  or  condei>- 
sation  it  becomes  concentrated,  and  has  its  elasticity  and  intensity 
increased  in  proportion  to  the  compression. 

The  instance  of  compressed  air  in  a  syringe  is  a  complete  proof 
of  this  proposition,  and  instead  of  condensation,  if  the  air  were  rari- 
fied,  without  increasing  the  quantity  of  caloric,  it  would  feel  colder, 
and  it  is  that  which  produces  heat  in  thunder  storms,  and  condensa- 
tion in  the  lightnmg. 

From  this  theory  it  appears  that  it  is  the  motion  of  the  electric 
fluid  that  must  produce  the  changes  or  effects  on  the  bodies  with 
which  it  is  in  contact. 

There  is  a  difficulty  of  accounting  for  the  different  capacities  and 
dispositions  that  bodies  have  when  in  contact  to  contain  caloric  or 
electricity -(for  they  are  considered  the  same  in  different  circum- 
stances), and  to  part  with  it  to  the  adjoining  body  with  which  it  is 
in  contact 

It  is  a  fact  that  different  bodies  exposed  to  the  same  temperature 
in  a  room,  and  which  show  the  same  degree  of  temperature  by  the 
thermometer,  will  change  their  temperature  when  brought  into  new 
situati'ons  in  the  same  room.  For  instance  were  a  piece  of  lead 
and  a  glass  containing  water  brought  into  contact,  with  a  piece  of 
damp  cloth  between  them,  which  had  formerly  stood  at  a  distance 
from  each  other,  the  lead  would  part  with  its  cold,  or  rather  the 
water  would  part  with  its  caloric  to  the  lead.  The  lead  would  absorb 
caloric,  and  the  water  would  furnish  it  in  the  first  instance,  but 
before  it  took  the  temperature  of  the  room  it  would  absorb  from  the 
surrounding  atmosphere  the  quantity  wanted.  Whenever  two  bodies 
have  different  radiating  powers,  then  if  one  have  the  power  of  ab- 
sorbing faster  than  the  other  radiates  it  will  contain  much  heat, 
but  it  will  probably  also  part  with  it  quickly.  If  it  absorbs  quickly 
it  radiates  quickly.  A  third  body  may  still  absorb  quicker  than 
either  of  the  two  former,  and  also  part  with  it  quicker  than  either. 
This  disposition  will  cause  a  stream  of  caloric  to  flow  along,  so  long 
as  the  bodies  do  not  approach  a  state  of  eauilibrium.  But  if  the  last 
is  connected  so  as  to  radiate  upon  the  nrst,  it  will  supply  it  with 
more  caloric  than  it  can  absorb,  and  thus  a  constant  stream  will  be 
kept  up  similar  to  that  by  the  galvanic  apparatus. 

The  electric  spark  when  taken  from  a  steam  boiler  is  a  proof  of 
the  theory,  that  all  electricity  is  only  caloric  in  a  ouiescent  condensed 
state :  in  diat  state  called  positive  it  is  in  a  higner  state  of  condeu* 
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satioD,  and  to  supply  that  quantity  of  heat  and  electricity  giren  out 
by  the  steam,  if  a  communication  is  formed  between  the  positive  or 
strong  heat  and  the  boiler,  the  boiler  being  in  an  exhausted  state 
absorbs  the  greater  or  positive  heat  in  shocks,  or  as  flame  on  points. 
And  if  the  boiler  is  insulated  as  there  is  no  other  communication, 
or  rather  the  communication  is  diminished,  the  absorbing  power 
becomes  stronger,  owing  to  the  same  quantity  of  steam  being  drawn 
off,  while  the  means  of  conducting  the  caloric  to  the  inside  of  the 
boiler  is  also  cut  off  from  the  ground,  and  therefore  it  is  supplied 
from  the  atmosphere  by  points. 

But  all  the  negative  electricity  is  only  electricity  in  a  lower  state 
of  condensation,  or  of  a  lower  temperature.  It  is  caloric  of  a  lower 
temperature  than  positive  electricity,  which  is  caloric  of  a  higher 
temperature.  And  it  will  be  found  that  there  may  be  two  positive 
electricities  indicated  by  electrometers,  and  that  these  will  attract 
instead  of  repelling  each  other,  if  these  electricities  are  taken  from 
such  objects  as  are  very  different  in  temperature,  so  that  the  one 
electricity  shall  be  much  more  concentrated  and  intense  than  the 
other. 

Suppose  electricity  a  very  subtle  fluid,  extending  every  where, 
filling  all  empty  space  in  bodies,  and  acting  under  a  strong  elastic 
compression.  Let  this  fluid  be  supposed  caloric  or  fire,  or  what 
gives  the  sensation  of  heat  when  it  is  accumulating  on  our  scnsative 
organs,  and  the  sensation  of  cold  when  it  is  departing  from  them 
and  diminishing ;  but  when  stationary  we  have  not  any  sensation 
of  it.  It  may  also  be  supposed,  that  in  its  movement  along  un- 
animated  bodies,  that  all  the  effects  it  produces  were  caused  by  its 
movements.  What  gives  rise  to  these  movements  P  comes  to  be  the 
enquiry.  » 

We  perceive  friction  to  be  a  powerful  instrument  in  accumulating 
electricity,  and  what  is  the  mode  of  operation  P  How  does  friction 
cause  its  accumulation  P  Is  it  not  like  working  with  a  pole  in  a 
quicksand  ?  By  the  motion  of  the  pole  the  sand  is  moved,  and  the 
compressure  that  is  acting  on  the  water  makes  it  rush  into  the 
empty  space  made  by  the  pole,  and  the  more  the  pole  is  agitated 
the  more  the  water  rushes  round  it  and  takes  the  place  of  the  sand, 
until  there  is  an  atmosphere  of  water  round  the  pole,  and  which  will 
retain  its  situation  for  some  time,  but  will  be  again  slowly  absorbed 
by  the  sand  which  will  regain  its  former  firmness,  and  an  equilibrium 
will  be  again  established  between  the  sand  and  the  water  some  short 
time  after  the  pole  has  been  allowed  to  remain  at  rest.  It  is  the 
same  with  all  bodies  and  electricity  ;  if  they  are  rubbed  the  friction 
opens  their  pores  and  the  compressed  electric  matter  rushes  into 
every  crevice,  and  by  its  pressure  from  the  atmosphere  retains  its 
place  for  some  time:  even  the  atmosphere  around  the  body  having 
oeen  disturbed,  the  electric  matter  is  by  the  friction  of  the  body  in- 
creased beyond  what  it  can  contain,  and  it  then  extends  itself  in  an 
atmosphere  round  the  body.  The  friction  not  only  creates  vacuities 
in  the  pores  of  the  body  rubbed,  but  it  also  carries  away  what  is 
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accumulated  and  gives  it  to  the  surrounding  atmosphere;  and  if 
the  atmosphere  be  dry  and  calm,  it  will  be  retained  around  the  body 
without  dispersing  for  a  considerable  time,  and  form  as  it  were  a 
cloud  round  the  rubbed  bo4y-  The  bodies  from  which  this  cloud 
of  electricity  is  drawn  would  be  those  in  the  vicinity,  unless  it  were 
drawn  by  conductors  from  a  distance.  All  bodies  that  are  much 
rubbed  or  hammered  by  their  vibratory  motion  make  room  for  the 
atmosphere  of  electricity  to  rush  in  and  form  around  them.  The 
electricity  is  not  visible  to  the  sight  but  when  it  is  moving  in  an 
insulated  concentrated  mass,  when  it  jumps  from  one  conductor  to 
another,  or  when  passing  along  a  wire  it  makes  it  red  hot.  It  is 
only  in  a  vibratory  or  moving  state  that  it  is  perceived.  When  we 
are  insulated  and  charged  with  it,  we  do  not  seem  sensible  of  it ;  it 
is  only  on  its  ingress  and  egress  when  that  is  not  performed  by 
points,  that  we  feel  its  operations.  If  points  are  used,  we  may  not 
DC  sensible  either  of  receiving  it  or  discharging  it,  for  it  Aows  them 
in  a  smooth  imperceptible  stream. 

We  may  thus  account  for  an  atmosphere  of  electricity  ;  but  why 
should  that  atmosphere  attract  straws  and  feathers :  or  a  piece  of 
paper  be  fixed  against  a  wall  by  it.  It  must  be  by  a  stream  of 
electricity  being  made  to  revolve  round  the  paper  or  wax;  it  makes 
a  magnet  of  the  body,  and  while  the  property  continues,  the  bodies 
continue  to  attach  themselves.  It  creates  a  vacuum  which  tliose 
other  bodies  supply  till  its  property  is  gone  :  and  this  process  is  the 
same  as  that  in  the  galvanic  trough  till  the  equilibrium  of  tempera^ 
ture  is  destroyed,  and  it  is  this  which  produces  all  the  phenomena. 
Those  bodies  are  magnets,  and  magnets  are  nothing  but  bodies  with 
their  parts  arranged  like  the  galvanic  pile,  and  circulating  a  quantity 
of  electric  matter  through  them ;  but  they  have  the  advantage  of  not 
requiring  any  new  supply  of  material,  and  their  power  is  constant 
and  does  not  depend  on  any  new  supply  of  acid,  or  zinc,  or  other  ma-^ 
terial.  The  grand  conclusion  is,  that  the  world  of  nature  is  only 
one  large  galvanic  apparatus,  by  means  of  which  all  the  changes  that 
ever  have  or  ever  will  take  place  are  accomplished. 

SECTION  III. 

The  theory  of  electricity  is  still  unascertained,  and  it  may  trulr 
be  affirmed,  that  notwithstanding  the  innumerable  experiments- 
which  have  been  made,  since  the  time  of  Dr.  Franklin,  that  he  who 
first  wrote  upon  the  subject  appears  to  have  had  clearer  and  more 
consistent  ideas  of  the  operation  of  that  fluid  than  any  of  the  later 
authors.  This  is  confirmed  by  the  statements  and  quotations  from 
his  writings  in  a  late  number  of  your  periodical.  That  there 
is  but  one  fluid  that  has  a  tendency  to  extend  itself  throughout 
all  bodies  in  the  world,  and  that  it  produces  its  effects  by  its  excess 
and  deficiency  when  there  wasany  tning  to  cause  that  variation ;  that 
everything  had  a  natural  capacity  for  holding  a  certain  quantity  of 
that  fluid ;  that  it  might  be  so  altered  as  to  contain  more  or  less,  in 
the  same  way  as  sponge  can  be  made  to  hold  more  or  less  water 
by  the  pressure  being  varied. 
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These  and  other  observations  have  confirmed  me  in  opinion  that 
electric  matter  is  only  a  very  rare  elastic  flaid  in  an  unactive  state, 
which  is  not  perceived  nor  operates  but  when  in  motion.  It  appears 
even  questionable  whether  it  is  elastic  of  itself,  or  whether  the  elas- 
ticity It  possesses  is  not  derived  from  the  caloric  imparted  to  it. 
Water  becomes  elastic  by  having  heat  imparted  to  it,  and  why  may 
not  electricity  do  the  same  ? 

That  electricity  is  influenced  by  caloric  in  producing  it  in  great 
quantities,  or  in  causing  a  difference  in  the  equilibrium  which  bodies 
naturally  possess  when  the  temperature  is  unchanged,  cannot  be 
denied.  The  main  question  is,  whether  is  electricity  and  caloric 
the  same  element  in  different  states  of  existence,  or  are  they  two 
simple  elements  of  nature  ? 

It  appears  for  several  reasons  that  electricity  is  a  simple  fluid,  and 
the  most  subtle  and  insinuating  of  any  in  nature,  and  that  it  is  not 
felt  or  perceived  but  when  in  motion.  It  is  when  in  motion  only 
that  it  produces  sensible  effects;  that  it  is  put  in  motion  by  bringing 
bodies  near  to  each  other  or  into  contact,  which  have  different  capa 
cities  for  retaining  or  parting  with  it,  which  causes  one  substance 
to  part  with  a  portion,  and  another  to  imbibe  it.  For  example, 
suppose  in  a  room  there  were  lead,  wax,  water,  oil,  mercury,  and 
other  different  metals,  and  that  the  room  had  arrived  at  its  fixed  and 
steady  temperature,  then  there  would  be  no  change  of  electricity,  the 
galvanic  stream  would  be  circulating  so  smoothly  as  not  to  be  per- 
ceptible, no  motion  among  the  parts  would  be  perceived.  But  if 
any  change  of  temperature  were  induced  on  any  one  body,  it  would 
change  its  state  of  electricity  accordingly,  and  both  the  temperature 
and  electricity  of  all  the  rest  would  be  affected,  the  galvanic  currents 
would  be  increased,  and  it  would  be  some  time  before  the  equr- 
librium  could  be  restored,  both  with  respect  to  the  temperature 
and  electrical  state  of  the  bodies.  Were  lead  and  wax  placed 
at  a  distance  from  each  other,  each  would  have  its  proper 
temperature  and  electricity;  but  if  they  were  suddenly  brought 
into  contact,  the  wax  would  impart  its  heat  to  the  lead,  or  rather  the 
lead  would  absorb  the  heat  from  the  wax  witli  avidity,  and  the  tem- 
perature of  the  wax  would  be  reduced,  while  that  of  the  lead  would 
increase  until  such  time  as  an  equilibrium  took  place,  when  the  lead 
could  absorb  or  retain  no  more.  This  would  disturb  the  tempera- 
ture of  all  the  other  substances  in  the  room,  and  an  exchange 
would  be  making  in  all  of  them,  until  each  had  such  a  state  as  to 
give  out  as  much  heat  and  electricity  as  it  received. 

There  can  be  no  change  of  temperature  without  a  change  of  elec- 
tricity, and  no  change  of  electricity  without  a  change  of  tempera- 
ture ;  and  though  these  changes  may  not  always  be  discernible,  yet 
it  may  be  inferred  from  the  consequences,  that  heat  has  on  all  bodies 
the  power  of  changingt  heir  temperature  and  bulk,  which  cannot  be 
done  without  disturbing  the  balance  or  equilibrium  that  exists  in  the 
electrical  state  of  the  bodies. 

If  electricity  is  considered  as  a  very  subtle  fluid,  set  in  motion  by 
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a  vibratory  iorce  induced  upon  it  by  any  other  body  whatever ;  it 
will  cause  a  change  in  the  electrical  state  of  the  bodies  on  which 
the  motion  has  been  induced.  If  friction  or  rubbing  of  two  bodies 
produces  heat,  that  rubbihg  produces  electricity  at  the  same  time, 
or  rather  I  should  say,  it  sets  it  in  motion,  by  destroying  the  equi- 
librium, and  thereby  renders  it  visible,  by  causing  a  superabun- 
dance on  one  body  and  a  deficiency  in  others,  it  thereby  increases 
the  stream  and  makes  it  perceptible. 

It  is  only  when  there  are  two  or  more  bodies  whose  natural  state 
has  been  disturbed,  which  puts  it  in  our  power  to  discover  this  fluid. 
It  is  not  the  quantity  in  any  body  that  we  can  estimate  by  the  elec- 
trometer or  any  instrument,  it  is  only  the  difference  of  electricity 
between  the  bodies :  the  excess  of  one  above  the  other.  For  in- 
stance.: if  two  bodies  are  both  very  highly  electrified,  and  the  elec- 
trometer placed  between  them,  if  both  had  the  same  quantity  the 
electrometer  would  not  be  moved ;  but  diminish  the  one  or  increase 
the  other,  and  then  the  electrometer  would  shew  the  difference ;  and 
it  must  be  observed  that  the  negative  is  always  the  one  where  there 
is  a  deficiency,  or  which  contains  the  least  electrical  matter ;  and 
it  will  be  found  that  the  one  which  is  in  excess,  is  always  the  one 
which  has  always  an  excess  of  temperature,  though  the  difference 
may  not  be  easily  estimated. 

When  bodies  vibrate  with  a  certain  velocity  the  heat  becomes 
sensible ;  when  they  vibrate  quicker,  they  begin  to  affect  the  eye 
and  produce  vision  though  in  a  solid  state;  but  when  reduced  to 
gas  and  inflamed,  they  increase  the  light  or  vision,  and  also  send 
out  more  heat ;  and  this  by  both  increasing  the  vibratory  motion 
and  famishing  the  molecules  of  electricity,  which  are  set  free  by 
flame  when  the  bodies  are  consumed  by  combustion. 

When  heat  is  communicated  to  water  in  a  boiler  from  the  furnace 
through  the  boiler  plate,  it  is  by  means  of  the  vibratory  motion  that 
is  induced  on  the  boiler  plate  by  the  intense  vibratory  motion  in 
the  furnace;  there  being  least  resistance  in  the  inside  of  the  boiler 
from  a  deficiency  of  electric  matter,  every  vibration  creates  a  motion 
among  the  particles  of  the  water,  and  makes  a  vacuity  into  which 
the  more  subtle  fluid  of  electricity  rushes  in,  and  this  continues 
nntil  the  interior  acquires  such  a  motion  as  to  throw  off  the  electric 
matter  along  with  the  water  in  steam  as  fast  as  it  is  communicated, 
or  to  burst  the  boiler  if  an  opening  is  not  left  for  its  exit  But  if 
there  were  a  stream  of  cold  water  rushing  over  the  top  of  the  boiler, 
the  heat  or  electricity  would  be  carried  off  as  quickly  as  it  was 
formed,  and  no  bursting  would  take  place :  water  being  a  good 
conductor  of  electricity^ 

Electricity  it  was  before  stated  would  be  discoverable  wherever 
there  was  a  difference  of  temperature,  and  that  in  a  room  where 
every  object  had  the  same  temperature,  the  equilibrium  would  be 
destroyed  by  placing  the  objects  in  new  situations  with  respect  to 
each  other,  or  connecting  them  by  better  conductors,  for  instance 
by  wet  threads,  and  the  electricity  would  be  also  changed.    The 
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galvanic  circle  or  current  is  changed  by  the  conductors,  and  it  is 
easy  to  perceive  why  a  damp  atmosphere  in  a  ix)om  should  prevent 
the  accumulation  of  electricity  :  it  iorms  a  far  better  meaium  of 
accommodation  among  the  bodies,  and  dispenses  the  electrical 
matter  as  fast  as  it  is  collected  to  all  the  different  parts  of  the  apart- 
ment All  articles  in  a  house  or  in  the  world,  are  nothing  but  a 
portion  of  a  galvanic  apparatus  of  Tarious  capacities  for  the  electric 
fluid,  and  for  conducting  it  from  one  body  to  another :  the  currents 
of  electricity  are  circulating  through  the  whole,  and  preserving  them 
in  a  state  of  equilibrium. 

The  bleaching  process  may  be  explained  as  follows  from  this 
theory  :  whenever  any  body  is  bent,  or  its  parts  by  any  means  put 
out  of  their  natural  position,  some  of  the  parts  of  the  body  must 

Xrate  if  they  be  placed  at  greater  distances  from  each  other,  and 
r  parts  may  be  forced  closer  together.  By  agitation  or  action 
a  movement  among  the  parts  is  created,  and  electricity  being  a  most 
insinuating  fluid  rushes  mto  the  vacant  spaces  by  its  elastic  pressure, 
and  acts  as  a  wedge  separating  the  parts :  by  continued  agitation 
the  electricity  is  increased,  and  by  its  density  the  parts  are  so  re» 
moved  as  to  allow  the  colouring  matter  to  unite  with  the  soap  or 
other  bodies,  and  be  removed.  It  is  also  probable  that  portions  of 
the  colouring  matter  may  be  carried  off  by  the  continued  stream  of 
electrical  matter,  which  is  made  by  boiling  to  pass  through  the 
subjects  boiled,  in  the  same  way  as  it  is  found  to  carry  particles  of 
gold  or  other  metal  with  it  when  passing  through  them. 

Even  without  a  knowledge  of  tne  experiments  of  Mr.  Crosse  and 
Mr.  Weeks,  by  which  the  infloenoe  of  galvanic  electricity  was  shown 
in  bringing  into  action  animal  existence,  it  would  scarcely  have 
been  possible  not  to  have  suspected  that  both  vegetable  and  animal 
growth  and  existence  was  largely  indebted  to  that  power. 

Newcastle,  24th  Sept,  18^. 


An  Account    of  Improvements  in  Electrical  Batteries. 
By  Mr.  John  Cuthbeetsok.* 

In  the  year  1774,  Mr.  E.  Naime  made  an  electrical  machine  far 
superior  in  acting  power  to  any  that  had  been  made  before,  and  a 
battery  more  judiciously  constructed  and  larger  than  any  former  one» 
with  which  he  made  a  number  of  interesting  experiments.  One  in 
particular,  affords  an  accurate  measure  of  the  power  of  his  battery, 
compared  with  such  batteries  as  hare  been  made  since  that  time. 
I  mean  the  experiment  of  melting  or  dispersing  a  metallic  wire. 
His  battery  contained  50  square  feet  of  coated  surface ;  and  he  found 
that  it  was  capable  of  receiving  a  charge  so  high,  that  the  discharge 
melted  45  inches  of  iron  wire  of  -rf^  part  of  an  inch  in  diameter, 
which   answers  to  about  |  of  an  inch  in  length  for  each  square 

*  From  Nicholion^t  Journal. 
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foot,  which  was  the  greatest  length  of  wire  ever  melted.  We  have 
no  account  of  this  experiment  having  been  afterwards  repeated  on  a 
scale  of  any  considerable  magnitude  till  the  year  1785,  when  I  con- 
structed a  battery  for  the  Teylerian  Society,  at  Uaerlem,  containing 
135  square  feet  of  coated  surface.  With  this  battery  180  inches  of 
the  same  sort  of  wire  was  melted,  which  seemed  to  be  much  more 
than  in  proportion  to  the  size  of  the  battery,  as  this  was  about  1*3 
inches  for  each  square  foot.  This  battery  was  afterwards  increased 
to  225  square  feet  of  coating,  and  with  this  800  inches  of  the  same 
sort  of  wire  melted,  which  was  also  at  the  rate  of  1*3  inches  for  each 
square  foot.  Some  time  after  this,  I  made  another  battery  for  the 
same  society,  containing  550  square  feet  of  coating,  composed  of  100 
jars  of  5^  square  feet  each.  The  same  sort  of  wire  was  not  tried 
with  this ;  but  it  could  be  calculated  from  other  sorts  of  wire  which 
it  melted,  that  it  was  capable  of  melting  655  inches,  being  also  at 
the  rate  of  1*3  inch  for  each  square  foot.  This  increase  of  power, 
which  is  almost  double  that  of  Mr.  Naime's,  might  be  attributed  to 
the  acting  power  of  the  machine ;  for  though  Mr.  Nairne's  machine 
possessed  the  strongest  acting  power  of  any  machine  made  at  that 
time,  yet  it  could  not  be  supposed  to  possess  the  high  charging  pro- 
perty of  the  Haerlem  machine. 

Since  my  return  to  London  I  have  made  several  batteries,  com- 
monly composed  of  fifteen  jars,  each  containing  168  square  inches 
of  coated  surface,  consequently  the  whole  battery  contains  seventeen 
square  feet  of  coating.  This  battery,  according  to  the  proportion  of 
that  made  by  Mr.  Naime,  should  fuse  6*3  inches,  and  in  proportion 
to  the  Haerlem  batteries,  it  ought  to  fuse  twenty-two  inches  ;  but 
instead  of  following  that  proportion,  it  is  found  to  fuse  sixty  inches, 
which  is  an  astonishing  increase  of  force.  For  the  battery  is  only 
about  one-third  part  of  that  of  Mr.  Naime,  and  fuses  a  much  greater 
length  of  wire ;  and  though  it  is  only  -f^  part  of  that  at  Haerlem, 
yet  it  fuses  ^  of  the  length  of  wire.  It  seems  difficult  at  first  sight 
to  account  for  this  advantage.  I  have  before  remarked  that  the 
proportional  difference  between  the  charge  of  the  battery  at  Haerlem 
and  Mr.  'Nairne's,  might  be  accounted  for  from  the  high  charging 
power  of  the  great  machine ;  but  the  result  of  the  last-mentioned 
exp^ments  overturns  that  notion,  as  it  can  by  no  means  be  sup- 
posed, that  a  single  two-feet  plate  machine,  which  I  have  used  to 
charge  the  battery  of  seventeen  feet  so  high  as  to  fuse  sixty  inches, 
can  have  a  higher  charging  power  than  that  at  Haerlem;  so 
that  it  must  proceed  from  some  other  cause.  It  might  be  ques- 
tioned whether  all  the  batteries  were  alike  judiciously  constructed. 
As  to  Mr.  Nairne's,  it  certainly  had  faults,  both  with  respect 
to  the  coating  and  tiie  mounting  of  the  jars ;  but  the  batteries  at 
Haeriem  were  as  judiciously  constructed  as  my  present  one  which 
I  am  speaking  of,  and  which  exceeds  them  in  such  an  astonishing 
degree  in  its  prop<Htional  force.  The  only  difference  between  my 
present  batteries  and  those  at  Haerlem  is  in  the  glass.  They  were 
x2 
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composed  of  glass  blown  in  Bohemia,  and  those  which  I  make  here 
are  of  white  flint  glass.  I  mention  this  fact,  but  I  am  not  inclined 
to  think  that  the  cause  of  the  difference  depends  on  the  glass,  because 
I  remember  to  have  melted  the  same  quantity  of  wire  with  one  jar 
of  that  kind  of  glass  when  in  Amsterdam,  as  I  do  at  present  with 
white  flint  glass  ;  so  that  it  only  remains  now  to  be  sought  for  in 
the  manner  of  using  or  charging  each  battery,  and  here  we  shall 
probably  flnd  a  means  of  solving  this  paradox. 

With  regard  to  the  batteries  at  Haerlem,  they  were  never  at- 
tempted to  be  charged  but  in  dry  weather,  being  such  as  was  then 
commonly  called  favourable  for  electrical  experiments.  There  was 
no  convenience  in  the  room  where  the  machine  and  batteries  were 
used  for  making  a  fire,  which  was  therefore  ill  calculated  for  elec- 
trical experiments  :  the  batteries  previous  to  charging,  were  made  as 
clean  and  dry  as  possible  ;  and  if  they  received  a  charge  so  high  as 
to  cause  a  spontaneous  explosion,  they  were  then  looked  upon  to  be 
in  their  most  favourable  state. 

It  was  about  this  time  that  we  were  told  by  Mr.  Brooke,  that  a 
coated  jar  would  take  a  higher  charge  when  dirty,  than  when  clean ; 
but  the  degree  of  dirtyness  was  so  ill  defined,  that  I  must  own  I 
never  could  dirty  a  single  jar  so  as  to  answer,  or  to  come  near  what 
was  said  of  it ;  and  to  pretend  to  bring  all  the  jars  in  a  large  bat- 
tery, containing  upwards  of  two  hundred,  into  that  state  of  dlrty- 
ness  was  never  attempted ;  neither  does  it  appear  that  Mr.  Brooke 
ever  thought  of  dirtying  his  battery  jars,  as  he  only  mentions  trying 
two  small  bottles,  whose  charging  property  was  very  differently  in- 
creased by  his  method  of  dirtying. 

Some  time  afterwards,  in  the  year,  1792,  I  happened  casually 
to  discover  that  a  coated  jar,  when  it  was  a  little  dampish  in  the 
inside  above  the  coating  (which  is  always  the  case  when  a  jar  is 
fresh  coated),  would  take  a  higher  charge  than  it  would  do  after  it 
had  been  coated  for  some  time,  and  was  quite  dry  in  the  inside ;  and 
also,  if  the  atmosphere  was  in  a  moist  state,  and  the  jar  not  dryed  in 
the  inside,  it  would  take  an  equally  high  charge.  From  this  it 
appeared  evident  to  me,  that  if  I  could,  by  any  means,  render  the 
inside  of  the  jars  damp,  it  would  answer  the  same  purpose.  Breath- 
ing into  a  jar  was  tried,  and  the  success  was  such,  that  it  would 
receive  and  retain  nearly  double  the  quantity  of  electric  fluid  it 
could  retain  when  dry ;  and  in  trying  to  fuse  wires  with  the  charge 
of  one  jar  in  a  dry  state,  no  more  than  five  inches  could  be  fused, 
though  after  breathing  into  it,  twelve  inches  were  fused. 

This  method  appeared  at  first  sight  to  have  increased  the  fiorce 
to  more  than  double ;  but  notwithstanding  so  evident  and  striking 
an  effect,  I  did  not  think  of  trying  what  would  be  the  result  of 
charging  a  battery,  after  the  jars  had  been  breathed  into ;  being 
deterred,  as  I  suppose,  from  the  idea  of  its  being  so  contradictory  to 
the  common  mediod  of  using  batteries,  which  was  never  attempted 
to  be  done  but  when  the  atmosphere  was  in  a  tolerably  dry  state, 
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and  the  jars  previously  cleaned.  But  in  March,  1796,  being  engaged 
in  a  course  of  experiments,  when  the  atmosphere  was  so  very  dry  that 
a  spontaneous  discharge  always  took  place  before  I  had  a  sufficient 
force  to  answer  my  purpose,  it  then  occurred  to  me  to  try  what  the 
effect  of  breathing  into  the  jars  of  the  battery  would  be.  In  this 
trial,  or  research,  it  became  necessary  first  to  ascertain  the  real 
charge  which  the  battery  was  capable  of  receiving  before  a  voluntary 
explosion  took  place.  The  battery  contained  seventeen  square  feet 
of  coated  glass,  and  was  composed  of  fifteen  jars :  it  was  found  in 
the  then  state  of  the  atmosphere  to  be  ipcabable  of  fusing  a  greater 
length  of  wire  than  eighteen  inches.  But  after  breathing  into  each 
jar  through  a  glass  tube,  it  took  a  charge  which  fused  sixty  inches, 
to  my  very  great  surprise  and  satisfaction,  as  I  then  thought  I  had 
obtained  a  method  of  making  one  battery  perform  the  functions  of 
three ;  because  three  times  the  quanti^  of  wire  was  fused,  as 
appears  by  comparing  this  with  what  had  been  performed  by  increas- 
ing the  surface  of  batteries  by  former  electricians.  This  notion 
seemed  to  be  justified,  by  observing  in  Dr.  Van  Marum's  works, 
that  I  had  enlarged  his  batteries  at  three  different  times ;  his  first 
contained  135  square  feet  coating,  the  second  225  square  feet,  and 
the  third  550  ;  and  the  highest  charge  of  the  first  was  just  sufficient 
to  fuse  180  inches  of  iron  wire  of -rj-g.  of  an  inch  diameter,  or  six 
inches  of  iron  wire  -^  of  an  inch  diameter ;  the  highest  charge  of 
the  second  fused  300  inches  of  the  first-mentioned  wire,  or  ten 
inches  of  the  last-mentioned  ;  the  highest  charge  of  the  third  fused 
twenty-five  inches.  We  find  that  these  batteries  increased  in  power 
in  the  same  proportion  as  the  coated  surface  was  increased.  I  was 
present  when  the  wire  was  fused  by  the  two  first-mentioned  batteries, 
but  at  the  third  not ;  however  we  have  no  reason  to  doubt  Dr.  Van 
Marum*8  report.  These  experiments  supported  me  in  my  first 
notion,  that  I  had  discovered  a  new  method  of  increasing  the  force 
of  a  battery  to  three  times  its  usual  power ;  but  being  unable  to 
account  for  it  to  my  own  satisfaction,  I  resolved  to  make  a  course  of 
experiments  in  order  to  throw  some  light  on  the  subject. 

The  chief  experiments  which  have  been  made  on  the  force  of  bat- 
teries were  by  Mr.  Brooke,*  at  Norwich,  in  the  year  1786,  and  by 
Dr.  Van  Marum,  in  1785  and  1795.  The  results  were  very  different. 
Some  experiments  which  I  made  in  Holland,  and  afterwards  re^ 
peated  here,  did  not  seem  to  confirm  either  of  the  two.     All  that 

*  Though  I  had  read  Mr.  Brooke's  book,  as  I  thought,  with  a  sufficient 
degree  of  attention  when  it  was  first  published,  I  did  not  till  lately  observe 
that  it  contained  any  experiments  relating  to  this  subject,  till  I  began  to 
write  this  paper  and  had  occasion  to  look  into  his  book  ror  some  references. 
I  believe  tbese  experiments  had  escaped  Dr.  Van  Marom's  notice  likewise, 
as  I  never  heard  him  speak  of  them  wnen  he  was  making  others  of  the  same 
kind.  Thongh  Mr.  Brooke's  experiments  were  condueted  with  moch  skill  and 
intelligence,  they  are  so  confusedly  arranged,  that  this  had  entirely  escaped 
my  notice ;  and  I  donbt  not  bat  that  it  haiQ  also  escaped  the  notice  of  several 
ouier  electricians. 
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had  been  done  either  by  Dr.  Van  Marum,  or  myself,  was  done  with- 
out the  help  of  such  an  electrometer  as  could  indicate  the  propor- 
tional quantities  of  electric  fluid  with  a  sufficient  degree  of  accuracy. 

Mr.  Brooke  was  possessed  of  an  instrument  of  his  own  invention, 
with  which  it  was  possible  to  ascertain  the  comparative  strength,  if 
managed  with  th»  same  dexterity  as  Mr.  Brooke  himself  possesses. 
But  this  instrument  came  so  high  in  price,  and  was  so  very  difficult 
in  its  use,  that  few  electricians  provided  themselves  with  it ;  which, 
perhaps,  is  one  reason  why  this  subject  has  so  long  remained  in  ob- 
scurity. I  have  lately  had  the  good  fortune  to  invent  an  electro- 
meter which  has  all  the  properties  that  such  experiments  require, 
and  is  very  simple  and  easy  in  its  use ;  and  with  this  I  found  myself 
enabled  to  go  through  such  experiments  as  were  necessary,  with 
greater  accuracy  than  any  which  had  been  made  before. 

The  electrometer  is  represented  in  Plate  II.  g  h  is  a  long  square 
piece  of  wood,  about  eighteen  inches  long,  and  six  inches  broad,  in 
which  are  fixed  three  glass  supports,  d  e  f,  mounted  with  brass  balls, 
ab  c.  Under  the  brass  baU  a,  is  a  long  brass  hook ;  the  ball  c  is 
made  of  two  hemispheres,  the  under  one  being  fixed  to  the  brass 
mounting,  and  the  upper  turned  with  a  groove  to  shut  upon  it,  so 
that  it  can  be  taken  off  at  pleasure.  The  ball  b  has  a  brass  tube 
fixed  to  it,  about  three  inches  long,  cemented  on  to  the  top  of  f, 
and  the  same  ball  has  a  hole  at  the  top,  of  about  one-half  inch  dia- 
meter, corresponding  with  the  inside  of  the  tube,  a  b  is  a  straight 
brass  wire,  with  a  knife-edged  centre  in  the  middle,  placed  a 
little  below  the  centre  of  gravity,  and  equally  balanced  with  a  hollow 
brass  ball  at  each  end ;  the  centre,  or  axis,  resting  upon  a  proper 
shaped  piece  of  brass  fixed  in  the  inside  of  the  ball  c ;  that  side  of 
the  hemisphere  towards  c  is  cut  open,  to  permit  the  end  c  a  of  the 
balance  to  descend  till  it  touches  the  ball  a,  and  the  upper  hemis- 
phere c  is  cut  open  to  permit  the  end  c  b  to  ascend ;  s  is  a  weight, 
weighing  a  certain  number  of  grains,  and  made  in  the  form  of  a  pin 
with  a  broad  head ;  the  ball  b  has  two  holes,  one  at  the  top  and  the 
the  other  at  the  bottom  ;  the  upper  hole  is  so  wide,  as  to  let  the 
head  of  the  pin  pass  through  it,  but  to  stop  at  the  under  one,  with  its 
shank  hanging  freely  in  6  ;  a  number  of  such  pins  are  commonly 
made  to  each  electrometer  of  different  weights ;  A;  is  a  common 
Henley's  quadrant  electrometer,  and  when  in  use  it  is  screwed  upon 
the  top  of  c. 

It  is  evident  from  the  construction,  that  if  the  foot  stand  horizontal, 
and  the  ball  b  be  made  to  touch  6,  it  will  remain  in  that  xx>si- 
tion  without  the  help  of  the  weight  i ;  if  it  should  by  any  means 
receive  a  very  low  charge  of  electric  fluid,  the  two  balls  6,  b,  will 
repel  each  other ;  b  will  begin  to  ascend,  and  on  account  of  the 
centre  of  gravity  being  above  the  centre  of  motion,  the  ascension 
will  continue  till  a  rests  upon  a.  If  the  balance  be  set  again  hori- 
zontal, and  a  pin  t,  of  any  small  weight,  be  put  into  its  place  in  b,  it 
will  cause  b  to  rest  upon  6,  with  a  pressure  equal  to  that  weight, 
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80  that  more  electric  fluid  must  be  oommunicated  than  befbre, 
before  the  balls  will  separate ;  and  as  the  weight  in  b  is  increased  or 
diminished,  a  greater  or  less  quantity  of  electric  fluid  will  be  re- 
quired to  eflect  a  separation. 

When  this  instrument  is  to  be  applied  to  a  jar,  or  battery,  for 
which  purpose  it  was  invented,  one  end  of  a  wire,  l,  must  be  in- 
serted into  a  hole  in  b,  and  the  other  end  into  a  hole  of  any  ball 
proceeding  from  the  inside  of  a  battery  as  m  :*  A:  must  be  screwed 
upon  c,  with  the  index  towards  a  ;  the  reason  of  this  instrument 
being  added,  is  to  shew,  by  the  index  continuing  to  rise,  that  the 
charge  in  the  battery  is  increasing,  because  the  other  part  of  the 
instrument  does  not  act  till  the  battery  has  received  the  required 
charge. 

If  this  instrument  be  examined  with  attention,  it  will  be  foimd  to 
consist  of  three  electrometers  ;  and  answers  three  different  purposes, 
namely,  a  Henley's  electrometer.  Lane's  discharging  electrometer,  and 
Brooke's  steelyard  electrometer  ;  the  first  not  improved,  but  the  two 
last,  which  were  very  defective  when  first  invented,  I  flatter  myself 
are  here  brought  to  perfection.  As  the  only  use  of  Henley's  elec- 
trometer to  this  instrument  is,  as  I  have  said  before,  to  shew  by  its 
continuing  to  increase  in  divergency  that  the  batteiy  continues  to 
receive  a  still  stronger  charge,  it  required  no  improvement ;  but 
Lane's  electrometer,  in  its  primitive  state,  could  by  no  means  answer 
the  required  purpose  for  batteries,  because  the  ball  intended  to  dis- 
charge the  battery,  was  necessarily  placed  so  near  to  the  ball  of  the 
batteiy,  that  dust  and  fibrous  particles  were  always  attracted  by  and 
adhered  between  the  two  balls,  so  as  to  retard  the  charging,  and 
often  render  a  high  charge  impossible :  whereas,  in  this,  they  are 
placed  at  four  inches  asunder ;  and  when  the  desired  height  of 
charge  is  obtained,  and  not  before,  the  ball  of  the  electrometer  moves 
of  itself  nearer  to  the  ball  which  is  connected  with  the  outside  of  the 
battery,  and  causes  a  discharge.  The  defect  in  Brooke's  steelyard 
electrometer  were,  Ist,  that  it  could  not  cause  a  discharge,  and  2ndly, 
the  difficulty  of  observing  the  first  separation  of  the  balls  caused 
great  error.  If  it  were  not  placed  in  an  advantageous  light  (which 
Uie  nature  of  the  experiments  could  not  always  permit),  it  would  not 
be  seen,  without  the  attention  of  an  assistant,  which  is  sometimes 
unpleasant,  and  cannot  always  be  conmianded.  But  the  instnmient 
which  I  have  described  requires  no  attention  or  assistance,  for  as 
soon  as  the  separation  takes  place  between  b  and  6,  the  ball  a  de- 
scends, and  discharges  the  batteiy  of  itself. 

By  this  combination  of  improvements,  we  possess  in  the  present 
instrument  all  that  can  ever  be  required  of  an  electrometer;  namely, 
by  Ar,  we  see  the  progress  of  the  diarge ;  by  the  separation  of  b  b, 

*  A  chain,  or  wire,  or  any  body  throngh  which  a  charge  \»  to  pan,  mm t  be 
hang  to  the  hook  at  m,  and  carried  from  thence  to  the  oatslde  of  the  battery, 
as  is  represented  by  the  line  n. 
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v9e  have  the  repulsive  power  in  weight ;  and  by  the  ball  a,  the  dis- 
charge is  caused,  when  the  charge  has  acquired  the  strength 
proposed. 

Experiments  made  with  a  View  to  determine  in  what  Degree  the 
Charging  Capacity  of  Coated  Jars  is  Increased  by  Breathing 
into  them  before  the  Charging, 

Experiment  1. — Prepare  the  electrometer  in  the  manner  shewn  in 
the  plate,  with  the  jar  m  annexed,  which  contaios  about  168  square 
inches  of  coating  ;^  put  into  b  the  pin,  marked  15;  take  two  inches 
of  watch-pendulum  wire,  ^x  to  each  end  a  pair  of  spring  tongs,  as  is 
represented  at  g  m,  hook  one  end  to  m,  and  the  other  to  the  wireN, 
communicating  with  the  outside  of  the  jar ;  Jet  the  uncoated  part 
of  the  jar  be  made  very  clean  and  dry ;  and  let  the  prime  conductor 
of  an  electrical  machine,  or  a  wire  proceeding  Irom  it,  touch  the 
wire  L ;  then  if  machine  be  put  in  motion,  the  jar  and  electrometer 
will  charge,  as  will  be  seen  by  the  rising  of  the  index  of  k,  and  when 
charged  high  enough,  b  will  be  repelled  by  b,  and  a  will  descend 
and  dischai'ge  the  jar  through  the  wire  which  was  confined  in  the 
tongs,  and  the  wire  will  be  fused  and  run  into  balls. 

Exp.  2. — Put  into  the  tongs  eight  inches  of  the  same  sort  of  wire 
as  before,  hang  one  pair  of  tongs  to  the  hook  m,  and  apply  the  other 
to  the  wire  which  forms  the  outside  communication  :  take  out  the 
pin  in  b,  and  put  in  its  stead  one  marked  30 ;  all  the  other  part  of 
the  apparatus  remaining  as  before,  and  the  uncoated  part  of  the  jar 
being  previously  cleaned  and  dried ;  the  machine  being  then  put  in 
motion,  the  jar  and  the  electrometer  will  charge,  as  is  shown  by  the 
rising  of  the  index  as  before ;  but  as  soon  as  the  jar  has  received  a 
greater  quantity  of  electric  fluid  than  before,  a  spontaneous  explo- 
sion will  Happen  without  affecting  the  balls  B  b,  because  the  discharge 
will  have  passed  along  the  uncoated  part  of  the  jar  from  the  in- 
side coating  to  the  outside;  whence  it  follows,  that  while  the  jar  re- 
mains in  that  clean  state,  it  is  incapable  of  receiving  a  charge  high 
enough  to  affect  the  balls,  or  even  a  higher  charge  than  it  had  re- 
ceived in  the  first  experiment  Let  the  uncoated  part  of  the  jar  be 
therefore  rendered  in  a  slight  degree  damp ;  which  is  easily  done 
by  breathing  into  the  inside  through  a  glass  tube ;  put  the  machine 
in  motion,  and  no  spontaneous  ^plosion  will  happen,  but  the  balls 
B  b  will  repel,  as  in  the  first  experiment,  and  the  discharge  will  hap- 
pen from  A  to  a,  and  pass  through  the  wire  placed  in  the  circuit ; 
and  though  it  was  eight  inches,  it  will  be  fused  in  the  same  degree 
as  two  inches  in  the  last  experiment,  namely,  the  wire  seen  red  hot 
the  whole  length,  and  then  fall  into  balls. 

Very  different  degrees  of  fusion  are  caused  by  electric  discharges, 
which  may  cause  great  mistakes,  if  not  well  attended  to.  It  is  pro- 
per to  adhere  to  the  degree  above  mentioned,  and  particular  care 

*  Take  out  the  pin  in  b,  and  observe  whether  the  ball  b  will  remain  at 
rent  upon  b ;  if  not,  tnrn  the  adjusting  screw  at  c  till  it  just  remains  npon  a. 
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ought  to  be  taken  to  lay  the  wire,  intended -for  fusion,  straight,  with- 
Qot  any  bendings  or  angles  in  it.  The  wire  used  in  the  two  last 
experiments  was  that  which  is  commonlv  called  watch-pendulum 
wire,  which  is  flatted ;  and  as  it  approaches  very  near  to  such  a 
sharp  edge  as  might  be  supposed  to  affect  the  experiment  by  per- 
mitting a  dissipation  of  the  electric  fluid  in  its  passage,  round  wires 
were  tried,  ana  the  result  was  the  same. 

By  the  last  experiment  it  appears,  that  breathing  into  the  jar  had 
increased  its  charging  capacity  nearly  in  the  same  proportion  as  it 
had  done  the  batteries :  after  breathing,  it  received  a  charge  suffi- 
cient to  fuse  four  times  the  length  of  wire  it  did  when  clean  ;  but  by 
the  weight  in  the  electrometer,  and  also  by  the  greater  number  of 
revolutions  given  before  the  discharge  happened,  it  might  be  sup- 
posed that  the  jar  had  received  only  a  double  charge. 

The  following  experiments  are  intended  to  shew  the  lengths  of 
wire  which  are  just  fused  by  various  quantities  of  electric  fluid  at 
the  same  intensity. 

Exp.  3— For  this  purpose  a  second  jar  was  placed  at  the  wire  l, 
the  pin  marked  30  was  taken  out,  and  15  put  in  its  place,  two  inches 
of  the  same  sort  of  wire  as  used  in  the  last  experiment  was  placed 
in  the  circuit,  every  other  part  of  the  apparatus  remaining  unaltered ; 
the  machine  was  then  put  in  motion,  till  b  begun  to  ascend,  while  it 
was  stopped,  and  before  a  could  reach  a,  one  of  the  jars  was  pushed 
from  the  wire  l  (to  do  which  there  is  always  sufficient  time  while  the 
electrometer  is  in  motion),  the  discharge  was  effected,  and  the  two 
inches  of  wire  was  just  fused. 

Exp,  4t. — The  jar  which  was  pushed  away  in  the  last  experiment 
was  discharged,  and  placed  at  the  wire  l,  as  before,  and  eignt  inches 
of  the  same  sort  of  wire  pUced  in  the  circuit;  the  outside  coating  of 
the  jars  either  touched  each  other,  or  had  a  metallic  communication. 
All  the  other  parts  of  the  apparatus  remained  as  before,  and  the 
machine  was  put  in  motion  till  b  began  to  ascend ;  the  jar  was  not 
removed  as  in  the  last  experiment,  but  suffered  to  discharge  with  the 
other,  and  the  eight  inches  of  wire  was  fused  in  the  same  degree  as 
the  two  inches  in  the  last  experimeots. 

It  is  evident  from  the  position  of  the  apparatus,  that  the  quantity 
of  electric  fluid  discharged  in  the  last  experiment  must  be  double 
that  of  the  former ;  yet,  in  repeating  the  experiment  1  had  different 
results,  which  made  me  again  suspect  the  edges  of  the  wire,  I  there- 
fore resolved  to  take  round  wire,  and  of  as  large  a  diameter  as  could 
be  conveniently  fused. 

Exp.  5,  wUh  three  jars. — Iron  wire  of  ^^  part  of  an  inch  in 
diameter,  and  six  inches  in  length,  was  placed  in  the  circuit ;  three 
jars  were  placed  so  that  the  balls  proceeding  from  their  insides 
touched  the  wire  l,  and  their  outside  coatings  touched  each  other. 
The  machine  was  turned  till  b  begun  to  ascend,  the  discharge  was 
caused,  and  the  whole  length  of  the  wire  was  just  run  into  balls. 

Exp.  6,  with  three  jars,  one  removed. — Two  inches  of  the  same 
sort  of  wire  was  placed  in  t^e  circuit  ip  the  same  manner  as  the  last. 
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and  the  turee  jars  remained ;  tbe  machine  was  tailied  till  b  begun  to 
ascend,  then  one  of  the  jars  was  drawn  ^way,  consequently  only  two 
discharged,  and  the  wire  just  run  into  balls  as  the  last 

Easp,  7,  with  four  jars. — Wire  of  ^f©  part  of  an  inch  was  taken, 
and  four  jars  placed  iu  contact  with  the  wire  l,  with  their  outside 
coatings  in  contact  with  each  other,  and  eight  inches  of  wire  was 
placed  in  tlie  circuit;  the  weight  in  the  electrometer  remaining  as 
before ;  the  machine  was  then  put  in  motion  till  b  begun  to  ascend, 
the  discharge  was  effected,  and  the  wire  was  fused  and  run  into  balls. 
The  experiment  was  repeated  with  the  same  sort  of  wire  8^  inches 
long ;  the  discharge  was  just  sufficient  to  run  it  into  balls. 

Repeated  with  nine  inches  of  the  same  sort  of  wire,  and  the  dis- 
charge caused  it  to  be  red  hot  the  whole  length. 

Exp,  8,  with  four  jars,  two  removed. — Two  inches  of  the  same 
sort  of  wire  was  placed  in  the  circuit,  all  the  jars  remaining  as  in 
the  last  experiment,  the  machine  put  in  motion  till  b  begun  to 
ascend,  then  two  of  the  jars  were  drawn  away ;  the  discharge  was 
caused,  and  the  wire  was  fused  and  run  into  balls. 

Repeated  with  the  same  sort  of  wire  2^  inches  long,  the  discharge 
caused  it  to  be  red  hot  the  whole  length. 

Exp.  9,  with  fourteen  jars. — Wire  of  -j^  part  of  an  inch  diameter 
was  taken,  eight  inches  long,  and  proceeded  according  to  experi- 
ment 7 ;  it  was  fused  and  run  into  balls. 

Exp.  10,  with  fourteen  jars,  seven  removed. — Two  inches  of  the 
same  sort  of  wire  was  taken,  and  proceeded  with  according  to  expe- 
riment 8 ;  it  was  fused  and  run  into  balls. 

The  results  of  the  foregoing  experiments  proves  sufficiently,  that 
double  quantities  of  electric  fluid,  in  the  form  of  a  discharge,  will 
melt  four  times  the  length  of  wire  of  a  certain  diameter :  and  ex- 
periments 5  and  6  prove  that  when  one-third  part  is  added  to  two, 
three  times  the  length  of  wire  was  fused. 

These  experiments  give  reason  to  apprehend  some  error  in  Dr.  Van 
Marum's  experiments,  because  he  found  his  batteries  to  increase  in 
power  only  in  proportion  as  the  coated  surface  was  increased,  viz. 
that  double  surface  of  coated  glass  only  could  fuse  double  lengths 
of  wire  of  the  same  diameter. 

The  doctor  might,  perhaps,  have  been  led  into  a  mistake  in  the 
following  manner :  first,  he  may  not  have  charged  the  batteries  to  an 
equal  height,  as  he  did  not  at  that  time  possess  an  electrometer  of 
sufficient  accuracy  for  that  purpose ;  and,  secondly,  he  may  not  have 
been  aware  of  the  different  degrees  of  fusion  caused  by  electric  dis- 
charges, but  only  judged  of  the  i'orce  by  the  wires  being  converted 
into  balls;  by  which  great  mistakes  may  happen.  For  if  a  wire  be 
taken  eighteen  inches  long,  and  of  such  a  diameter  that  when  a  jar 
or  battery  is  charged  to  such  a  height  as  just  to  cause  it  to  run  into 
balls,  much  shorter  lengths  of  that  same  sort  of  wire  may  be  sub- 
jected to  the  same  force,  and  still  be  only  converted  into  balls  by  it ; 
even  if  only  seven  inches  were  taken,  nothing  but  balls  will  appear ; 
the  only  difference  will  be,  that  the  balls  will  be  smaller,  and  dispersed 
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(o  a  greater  distance,  which  might  be  easily  overlooked.  If  six 
inches  of  the  same  sort  of  wire  be  taken,  it  will  be  converted  into 
balls  and  ilocculi,  or  brown  oxide  of  iron ;  so  that  to  be  accurate  in 
this  point,  the  lowest  degree  of  fusion  must  be  bad,  which  is  known 
when  the  charge  has  passed  by  the  wire  being  seen  red-hot  the 
whole  length,  and  afterwards  run  into  balls. 

Having  now  sufficiently  proved,  by  experiment,  in  what  propor- 
tion different  quantities  of  electric  fluid  act  upon  different  l^gths  of 
wire,  which  was  required  to  be  known,  in  order  to  explain  in  what 

Proportion  the  charging  capacity  of  a  jar  or  battery  is  increased  by 
reathing  into  it,  before  the  charging  begins,  1  shall  proc^d  in  the 
next  place  to  explain  this  point 

The  opinion  that  I  had  at  first  entertained  (though  supported  by 
Dr.  Van  Mamm's  experiments),  that  I  had  found  out  a  method  of 
increasing  the  charging  capacity  of  batteries  to  three  times  their 
usual  force,  was  not  supported  by  the  facls  that  the  usual  power  of 
a  clean  and  dry  battery,  containing  seventeen  square  feet  coated 
surface,  namely,  that  of  fusing  from  eighteen  to  twenty-two  inches 
of  iron  wire  of  ^^  part  of  an  inch  in  diameter,  will  be  increased  by 
breathing  into  the  jar,  so  as  to  become  capable  of  fusing  sixty 
inches.  If  the  first-mentioned  effect  be  taken  at  a  mean,  it  will  be 
twenty,  then  the  increased  effect,  gained  by  breathing,  will  be  just  f , 
as  determined  by  the  wire ;  and  experiments  6  and  6  prove,  that  in 
order  to  produce  such  an  increased  effect,  an  addition  of  ^  part  of 
the  coated  surface  must  be  added  to  the  battery,  which  is  about  816 
square  inches.  This  would  amount  to  an  addition  of  fifty-four 
square  inches  to  each  jar ;  or,  in  other  words,  if  that  Quantity  of 
coating  could  be  added  to  each  jar,  the  same  effect  would  be  pro* 
duced  as  when  breathed  into.  But  this  would  require  the  coating 
to  be  within  an  inch  of  the  top,  which  would  render  the  battery  un- 
chargeable,  at  least,  to  that  aegre^.  A  battery  of  fifteen  jars  con- 
structed in  the  usual  manner,  will,  therefore,  by  this  treatment, 
become  equivalent  in  power  to  twen^-one  jars  of  the  same  kind,  if 
clean  and  dry. 

To  explain  the  effect  of  breathing  into  the  jars  appears  to  be  a 
matter  of  some  difficulty.  This  experiment  has  been  shewn  to 
several  electricians,  and  different  opinions  have  been  advanced,  most 
of  which  seem  to  imply,  that  breathing  acts  as  a  coating  to  the 
uncoated  part,  which  will  appear  in  the  sequel  to  be  absurd.  Mr. 
Nicholson's  opinion  (see  Phuotopkical  Journal^  vol.  ii,  page  219) 
comes  much  nearer  to  the  truth,  though  it  does  not  appear  to  me  to 
be  sufficient  to  amount  to  the  effect  produced.  I  admit,  with  him, 
that  a  spontaneous  explosion  over  the  uncoated  part  is  most  com- 
monly caused  by  undulation ;  but  that  this  undulation  is  caused  by 
the  discharging  of  different  charged  zones,  willbe  difficult  to  prove, 
because  sudi  zones  cannot  exist  upon  clean  and  dry  glass. 

When  the  uncoated  part  of  a  Leyden  jar  is  made  perfectly  clean 
and  dry,  and  the  jar  set  to  the  conductor  of  a  machine  in  action, 
it  will  begin  to  charge,  and,  while  charging,  the  coated  part  of  the 


332  Itnprovements  in  Electrical  Batteries, 

jar,  and  the  wire  which  is  connected  with  it,  become  equally  charged, 
and  each  endeavours  to  throw  off  that  surplus  of  electric  fluid  which 
is  forcing  into  them ;  the  coating  from  its  edge  upwards,  and  that 
part  of  the  wire  which  is  above  the  coating  and  within  the  jar,  will 
endeavour  to  throw  it  in  all  directions,  which  will  cause  it  to  be 
surrounded  by  an  electric  atmosphere,  increasing  in  density  as  the 
charge  increases.  This  atmosphere,  together  with  that  given  out 
by  the  coating,  fills  the  whole  jar.  Part  of  the  electric  fluid  forced 
into  the  coating  enters  the  surface  of  the  glass,  but  the  uncoated 
part,  being  clean  and  dry,  both  withinside  and  without,  the  inside 
resists  the  fluids  entering  its  surface,  which  is  kept  suspended  at  a 
distance,  because  the  natural  electric  fluid  contained  on  the  outside, 
finds  no  means  of  escape.  But  the  action  of  the  machine  still  con- 
tinuing, presses  it  still  closer  to  the  surface,  and  at  last  overcomes 
that  resisting  force,  and  some  of  the  particles  on  the  ootside  give 
way,  which  causes  an  undulation  in  the  inside,  and  the  electric  fluid 
closes  instantly  in  upon  its  inside  surface,  and  forces  a  greater 
quantity  from  the  ootside.  Flashes,  or  coruscations,  are  thus  caused, 
which  are  always  seen  when  a  jar  is  charging  in  the  above  mentioned 
circumstances :  the  charge  still  continuing  to  be  made,  forces  ano- 
ther quantity  from  another  part  of  the  outside  of  the  jar,  and  causes 
a  second  coruscation  and  undulation,  which  may  be  so  strong  as  to 
cause  a  spontaneous  discharge ;  or  two  or  three  more  coruscations 
and  undulations  may  happen,  before  the  discharge,  according  to  the 
steadiness  or  unsteadiness  of  tlie  action  of  thenuichine,the  quantity 
of  electric  fluid  thrown  off  from  the  outside  at  each  undulation,  and 
also  the  degree  of  dryness  and  cleanness  of  the  uncoated  part  of  the 
jar.  A  discharge  sometimes  happens  without  having  previously 
occasioned  any  perceptible  coruscation.  This  is  the  case  when  the 
first  undulation  has  been  so  strong,  as  to  cause  the  whole  discharge 
with  the  first  coruscation,  the  one  being  so  quickly  followed  by  the 
other  that  it  is  imperceptible. 

A  jar  will  sometimes,  while  it  is  charging,  give  a  great  many  small 
coruscations,  quickly  succeeding  each  other,  which  afterwards  cease 
without  having  caused  a  spontaneous  explosion,  though  the  action 
of  the  machine  be  continued.  This  happens  when  the  uncoated 
part  is  nearly  clean  and  dry,  but  not  perfectly  so ;  its  surface  still 
containing  some  conducting  particles,  but  not  so  connected  that  the 
electric  fluid  can  pass  from  one  to  the  other  without  leaps,  or  small 
coruscations  on  the  outside,  which  permit  the  electric  fluid  to  spread 
gradually  over  its  inside  surface,  and  prevent  the  undulations  from 
being  so  strong  as  to  cause  a  discharge. 

After  this  explanation  of  the  cause  of  the  flashes,  or  coruscations, 
which  are  seen  upon  the  uncoated  part  of  a  jar  while  charging,  and 
also  that  such  coruscations  produce  undulations,  which  terminate  in 
a  spontaneous  explosion  ;  it  remains  now  to  explain  how  a  jar  is 
charged  when  the  coruscations  are  prevented  by  breathing  upon  the 
uncoated  part. 

When  a  coated  jar  is  breathed  into,  and  then  subjected  to  the 
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process  of  charging,  the  electric  fluid  is  *forced  into  it  along  with 
the  wire  in  the  inside  of  the  coating,  where  it  instantly  and  equally 
spreads  itself  over  the  whole  coated  part,  and  at  the  same  time, 
though  with  difficulty,  and  consequently  gradually,  it  spreads  itself 
over  the  uncoated  part,  taking  the  condensed  6Im  of  humidity  for  its 
conductor,  as  it  proceeds  from  the  edges  of  the  coating  upwards 
towards  the  mouth  of  the  jar,  according  to  the  arrangement  of  the 
particles  of  moisture,  and  rises  higher  or  lower,  depending  entirely 
on  their  arrangement,  and  the  force  with  which  it  is  repelled  from 
the  machine.     If  the  conducting  particles  he  almost  uniformly 
diffused  over  the  uncoated  part,  the  whole  jar,  in  the  inside,  will  become 
charged,  though  the  uncoated  part  will  be  charged  in  a  much  less 
degree  than  the  coated,  on  account  of  the  imperfectfon  of  the  con- 
ducting particles  which  has  adhered  to  its  surface ;  no  coruscations 
will  be  perceived  on  account  of  the  gradual  and  equal  diffusion  of 
the  electric  fluid  over  its  inside  surface :  and  though  the  charging  be 
continued,  yet,  if  the  exhaled  conducting  particles  be  favourably 
diffiised,  no  spontaneous  explosion  will  happen  from  one  coating  to 
the  other,  along  the  uncoated  surface,  but  the  jar  will  either  be  per- 
forated, or,  if  it  be  of  sufficient  strength  to  resist  that  effect,  the 
electric  fluid  will  be  seen  to  run  in  a  stream  over  the  mouth  of  the 
jar,  as  quickly  as  the  machine  supplies  it.     Whenever  a  spontaneous 
electric  explosion  happens,  it  must  be  from  a  body  of  sufficient  bulk 
and  conducting  property  to  contain  that  quantity  of  electric  fluid  at 
that  point  from  which  it  explodes,  otherwise  no  explosion  ever 
happens.      But  the  humid    conducting  particles   are  just    suffi- 
cient merely    to  admit  the   electric  fluid,  by  the  action  of  the 
machine,  to  be  spread  over  the  surface  of  the  glass,  but  in  no 
part  of  sufficient  density  either  to  receive  or  contain  an  explosion. 
If,  therefore,  a  spontaneous  explosion  do  happen,  it  must  either 
proceed  from  the  inside  coating,  or  the  wire  which  is  connected 
with  it  to  the  outside ;  and,  if  we  examine  the  state  of  the  coat- 
ing,  we  shall  understand,   that  the  edge    of  the  coating  (from 
which  part  only  it  is  ever  possible  to  explode),  and  also  above  it, 
to  a  short  distance  upwards,  is  as  strongly  charged  as  the  coated 
part ;  and  by  the  action  of  the  machine  it  is  so  strongly  loaded 
with  electric  fluid,  that  it   is  repulsive  in   all  directions,  which 
keeps  back,  or  entirely  stops,  a  spontaneous  explosion  from  the  edge 
of  the  coating.     With  regard  to  the  wire,  the  only  place  from  which 
it  explodes  spontaneously,  is  that  part  which  is  nearly  of  an  equal 
height  with  the  edge  of  the  mouth  of  the  jar.     The  fluid  is  nearly 
as  much  condensed  on  this  part  as  on  the  other,  so  that  an  explosion 
from  the  wire  is  hindered  by  the  same  cause  as  from  the  coating. 
A  jar,  under  such  circumstances  cannot,  therefore,  explode  spon- 
taneously ;  but  the  fluid  will  run  over  the  edge  of  the  jar  as  quickly 
as  the  machine  furnishes  it,  when  its  charging  capacity  is  fufl. 

I  have  stated,  at  page  530,  that  a  jar  of  the  dimensions  there 
given,  being  dean  and  dry,  can  only  contain  a  charge  sufficient  to 


234  EleetrO'Magnetie  Locomotive  Carriage, 

fuse  two  inches  of  a  certain  wire,  and  when  breathed  into,  its  charg- 
ing capacity  will  be  so  much  increased,  that  it  will  contain  a  charge 
sufficient  to  fuse  eight  inches  of  the  same  sort  of  wire  ;  and  a  bat- 
terj  of  fifteen  jars,  in  the  first-mentioned  state,  can  only  fuse  twenty 
inches,  and  in  the  last-mentioned,  sixty  inches.  This  increased' 
charging  capacity  proceeds,  no  doubt,  frbm  the  particles  of  moisture, 
though  not  from  their  acting  as  a  coating,  as  has  been  supposed, 
but  by  their  being  brought  into  a  state  or  capacity  of  resisting  a 
spontaneous  explosion,  so  that  a  stronger  charge  is  forced  in  upon 
the  coated  part.  Some  of  the  electric  fluid  which  was  forced  upon 
the  uncoated  part  to  a  certain  height  (perhaps  half  an  inch,  more  or 
less,  according  to  the  degree  of  dampness,  and  the  saturation  of  the 
particles)  may,  indeed,  be  discharged  along  with  that  from  the  coated 
part ;  but  this  is  of  little  importance,  and  by  no  means  capable  of 
producing  that  increased  effect,  which,  as  I  have  shewn  by  experi- 
ment, would  require  an  addition  of  seyen  jars  to  a  battery  of  fifteen. 


Eleetro^Moffnetie  Locomotive  Carriage.* 

A  TRIAL  of  this  yery  ingenious  machine,  constructed  by  Mr.  Da- 
vidson, was  made  on  Thursday  week,  on  the  Edinburgh  and  Glasgow 
Railway,  in  presence  of  a  number  of  gentlemen,  many  of  whom  were 
eminent  for  their  scientific  knowle^e.  The  construction  of  the 
carriage  is  the  first  attempt  which  has  been  made  in  this  country  to 
apply  the  powers  of  electro-magnetism  to  railway  tra£Sc,  and  from 
the  success  which  attended  this  trial  sanguine  hopes  may  be  enter-* 
tained  that  the  period  is  not  distant  when  it  will  either  supersede,  in 
many  cases,  the  employment  of  steam,  or  lend  a  powerful  aid  to  this 
mighty  instrument  in  all  the  operations  in  which  it  is  at  present  em- 
ployed. The  carriage  was  impelled  along  the  railway  about  a  mile 
and  a  half,  travelling  at  the  rate  of  four  nules  an  hour,  a  rate  which 
might  be  increased  by  giving  greater  power  to  the  batteries,  and 
enlarging  the  diameter  of  the  wheds.  We  understand  that  the  car- 
riage was  built  at  the  expense  of  the  Railway  Company,  and  we 
cannot  but  congratulate  them  in  having  the  discernment  to  employ 
Mr.  Davidson,  a  gentleman  of  much  practical  knowledge  and  talent, 
to  whose  genius  great  discoveries  have  been  made  in  electro-mag- 
netism, by  whom  the  carriage  was  projected,  and  to  whose  unweari^ 
exertions  the  practicability  of  the  scheme  is  almost  placed  beyond  a 
doubt. 

The  dimensions  of  the  carriage  is  sixteen  feet  long  by  seven  feet 
wide,  and  is  propelled  by  eight  powerful  electro-magnets.  The 
carriage  is  supported  by  four  wheels  of  three  feet  in  diameter.  On 
each  of  the  two  axles  there  is  a  wooden  cylinder,  on  which  are  fiutened 
three  ban  of  iron  at  equal  distances  from  each  other,  and  extending 
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from  end  to  end  of  the  cylinder.  On  each  side  of  the  cylinder,  and 
resting  on  the  carriage,  there  are  two  powerful  electro-magnets. 
When  the  first  bar  on  the  cylinder  has  passed  the  faces  of  two  of 
these  magnets,  the  current  of  galvanism  is  then  let  on  to  the  othep 
two  magnets  :  they  immediately  pull  the  second  bar  until  it  comes 
opposite  them.  The  current  is  then  cut  off  from  these  two  magnets, 
and  is  let  on  to  the  other  two.  Again  they  pull  the  third  bar  until 
it  comes  opposite,  and  so  on — ^the  current  of  galvanism  being  always 
cut  off  from  the  one  pair  of  magnets  when  it  is  let  on  to  the  other. 

The  manner  in  which  the  current  is  cut  off  and  let  on  is  simply 
thus : — ^At  each  end  of  the  axles  there  is  a  small  wooden  cylinder, 
one*half  of  which  is  covered  by  a  hoop  of  copper ;  the  other  is 
divided  alternately  with  copper  and  wood  (three  parts  of  wood  and 
three  of  copper).  One  end  of  the  coil  of  wire  which  surrounds  the 
four  electro-magnets,  presses  on  one  of  the  cylinders,  on  the  part 
which  is  divided  with  copper  and  wood  ;  the  other  end  of  the  coil 
presses  on  the  other  cylinder  in  the  same  manner.  One  end  of  the 
vnres  or  conductors  which  comes  from  the  battery,  presses  constantly 
on  the  undivided  part  of  the  copper  on  each  cylinder.  When  one  of 
the  iron  bars  on  the  wooden  cylinder  has  passed  the  faces  of  two 
magnets,  the  current  of  galvanism  is  let  on  to  the  other  two  magnets, 
by  one  end  of  the  coil  which  surrounds  the  magnets,  passing  from 
the  wood  to  the  copper,  and  thereby  forming  a  connexion  vnth  the 
battery*  This  wire  continues  to  press  on  the  copper  until  the  iron 
bar  has  come  opposite  the  faces  of  the  two  magnets,  which  were  thus 
charged  wiUi  galvanism.  On  its  coming  into  that  position,  the  cur- 
rent is  cut  off  from  these  two  magnets,  by  the  wire  or  rod  of  copper 
pasring  from  the  copper  to  the  wood,  and  thereby  hreaking  the  con- 
nexion with  the  battery.  But  when  the  vrire  or  rod  of  copper  leaves 
the  copper  on  the  one  cylinder,  it  leaves  the  wood,  and  passes  to  the 
copper  on  the  other  cylinder  at  the  other  end  of  the  axle,  and  in  so 
doing  connects  the  other  two  magnets  with  the  battery,  and  they 
pun  the  next  iron  bar  in  the  same  manner.  At  the  other  end  of  the 
carriage  there  are  other  four  magnets,  and  wooden  cylinder,  with 
iron  bars  arranged  in  the  same  manner. 

The  battery  which  is  used  for  propelling  the  machine  is  composed 
of  iron  and  zinc  plates  immersed  in  dilute  sulphuric  acid,  the  iron 
plates  being  fluted  so  as  to  expose  greater  surface  in  t^e  same  space. 
The  weight  propelled  was  about  six  tons. 


Method  of  detecting  the  Adulteration  of  Cane  or  Beet-root  Sugar 

with  Sugar  of  Fecula.     By  M.  E.  Keanty.* 

[To  detect  the  Admixture  of  these  two  kinds  of  Sugar.] 

To  detect  the  presence  of  the  sugar  of  fecula,  two  grammes  of  the 
suspected  specimen  are  to  be  dissolved  in  a  flask,  in  thirty  grammes 
of  distilled  water ;  the  liquor  is  then  to  be  filtered,  and  two  deci- 
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grammes  of  potash  in  alcohol  and  one  decigramme  of  sulphate  of 
copper  are  to  be  added ;  the  whole  to  be  w^  stirred  about  to  ac- 
complish complete  dissolution.  The  flask  is  afterwards  to  be  corked, 
and  the  subsequent  appearances  observed. 

Should  the  sugar  under  examination  contain  sugar  of  fecula,  a  red 
precipitate  will  be  observed  some  time  after  mixing ;  and  if  we 
operate  on  a  large  quantity,  the  transformation  of  the  cupreous  salt 
into  a  protoxide  will  be  completely  accomplished  in  twenty-four 
hours.  The  solution  loses  all  its  blue  or  green  colour,  and  not  a 
trace  of  copper  is  to  be  found  in  it. 

If  we  operate  on  pure  sugar  from  the  cane,  or  from  beet-root,  no 
red  precipitate  is  formed  from  the  same  process,  even  after  eight 
days'  standing.  If  the  mixture  contain  equal  parts  of  the  pure  and 
impure  sugars,  the  precipitation  will  be  completed  in  about  twenty 
hours.  If  the  impure  be  only  2*5  per  cent.,  a  slight  red  precipitate 
is  observed  in  twenty-four  hours  ;  but  the  solution  will  not  become 
colourli>R8  in  less  than  eight  or  ten  days. 


Thunder  Storm  at  Bristol. 

DuEiNO  the  severe  thunde:*  storm  on  Thursday  fortnight,  a  serious 
accident  occurred  at  the  Grreat  Western  Cotton  Works,  St.  Philip's, 
Bristol.  At  about  twenty  minutes  before  five  o'clock  in  the  after- 
noon, the  electric  fluid  struck  the  meter-house,  and  completely 
destroyed  the  large  gas  meter,  the  erection  of  which  had  just  cost 
the  company  £130.  The  iron  face  of  the  meter  was  split  in  pieces, 
and  the  gas  which  was  in  the  cylinder  (fortunately  it  was  turned  o£P 
at  the  main)  being  ignited  by  the  electric  fluid,  exploded,  and  large 
pieces  of  iron,  one  of  them  weighing  about  lOOlbs.,  were  thrown  with 
such  violence  against  a  wall  twenty-five  feet  distant  as  to  produce 
considerable  indentations  in  portions  of  the  masonry.  The  meter- 
house  is  erected  in  front  of  the  weaving  room,  in  which  between  500 
and  600  girls  were  at  work  at  the  time.  The  main  gas  pipe,  which 
is  attached  to  the  meter,  passes  through  the  waU  and  descends 
beneath  the  floor  of  this  room,  and  as  a  large  portion  of  it  was  blown 
ofi*,  it  seems  almost  a  miracle  ihat  no  lives  were  lost.  Several  of  the 
girls  fell  hunting  on  the  floor,  others  rushed  to  the  door  to  escape 
from  the  factory,  and  all  was  confusion  and  alarm,  but  no  one  was 
hurt. 
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On  Gravitation. 

Suppose  that  an  elastic  compressing  fluid  pervaded  the  nniverse, 
such  as  electricity,  or  some  modification  of  it,  the  following  commu- 
nication is  an  attempt  to  demonstrate  that  were  a  soft  inelastic  hodj, 
semi-fluid,  introduced  into  it,  that  the  inelastic  body  would  be  equally 
pressed  on  all  sides,  and  would  take  the  form  of  a  globe  ;  and  se- 
condly, that  were  two  or  more  bodies,  as  a  and  b,  placed  in  that 
elastic  atmosphere,  such  as  the  earth  and  sim,  that  the  pressure  of 
the  elastic  atmosphere  on  each  body  would  not  be  equal  in  every  di- 
rection as  on  the 
single  body ;  that 
the  pressure  in  a 
direct  line  between 
the  bodies  a  and  b, 
tending  to  keep  them  asunder  from  each  other,  or  from  the  centre  c, 
would  not  be  equal  to  the  pressure  in  the  opposite  direction,  forcing 
them  towards  that  centre. 

This  is  the  conclusion  arrived  at,  which  is  in  opposition  to  the  , 
generally  received  opinion,  that  action  and  reaction  in  all  cases  is  equal 
and  contrary  in  fluids  as  well  as  in  solids.  It  is  generally  conceived 
that  the  fluid  exerts  the  same  force  to  press  a  and  b  asunder  as  it 
does  in  pressing  them  together,  which  I  have  attempted  to  show  is 
not  the  fact ;  and  my  object  in  this  communication  is  to  give  the  rea- 
sons I  have  for  this  opinion  to  the  public,  so  that  they  may  be  cor- 
rected if  wrong,  and  die  fallacy  of  the  reasoning  pointed  out,  or  its 
truth  confirmed. 

That  a  single  soft  inelastic  body,  if  it  existed  alone  in  an  elastic 
compressing  atmosphere,  would  be  forced  into  the  form  of  a  globe 
by  die  elastic  fluid  pressing  it  equally  on  all  sides,  is  a  proposition 
that  will  not  be  disputed :  but  that  if  two  bodies  were  introduced 
into  that  atmosphere,  then  the  pressure  on  them  would  not  be  equal 
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on  all  sides,  is  a  proposition  that  is  not  so  obvious,  but  it  is  what  ia 
here  attempted  to  be  demonstrated;  and  not  only  that  the  forces 
are  different,  but  that  these  bodies  are  forced  together  with  a  force 
inversely  as  die  square  of  their  distances,  and  directly  as  the  masses ; 
thereby  according  with  all  the  laws  which  are  attributed  to  gra- 
vitation. 

Let  A  B  represent  a  globe  with  a  hollow  vacant  space  vrithin  it, 
then  there  would  be  a  compressing  force  from  the  atmosphere  of 
about  sixteen  pounds  upon  every  square  inch 
of  surface,  tending  to  compress  it  to  the  centre, 
which  is  supposed  to  be  a  vacuum.     But  this 
compressing  force  would  continue  to  press  on 
the   exterior  surface  of  this  globe,  however  a 
much  diminished  the  interior  vacuum  was  made, 
or  till  there  was  no  vacuum.     Thus  the  pres- 
sure upon  the  solid  globe  is  seen  to  be  the  same 
as  upon  one  which  is  exhausted,  of  whatever 
size  the  exterior  be,  while  the  exterior  is  unaltered. 

All  this  will  readily  be  granted :  but  suppose  now  that  a  small 
hole  E  F,  was  made  from  ^e  exterior  to  the  interior  space,  and  a 
conmiunication  made  from  the  atmosphere  to  the  vacuum  within  the 
globe,  the  elastic  atmosphere  would  rush  in  immediately,  and  exert 
a  force  by  its  elasticity  on  the  interior  hollow  surface  equal  to  sixteen 
pounds  upon  the  square  inch,  the  same  as  on  the  outside  surface. 
This,  I  conclude,  wiU  also  be  granted  as  a  truth :  but  it  is  evident 
that,  as  the  outside  and  inside  surfaces  are  to  each  other  as  the 
squares  of  the  outside  and  inside  diameters,  therefore  the  pressure 
inward  to  the  pressure  outward  would  be  as  the  outside  surface  to 
the  inside  surface,  and  in  all  cases  will  be  proportional  to  the  squares 
of  the  diameters.  Thus,  were  the  internal  diameter  two  feet,  and  the 
outside  diameter  three  feet,  then  the  pressure  inward  to  the  pressure 
outward  would  be  as  the  square  of  two  to  the  square  of  three,  or  as 
nine  to  four. 

From  this  it  follows  as  a  corollary,  that  any  hollow  globe  of  soft 
compressible  matter  would  be  pressed  together,  if  the  consistency  of 
the  materials  were  not  such  as  to  withstand  it ;  and  that  all  hoUow 
inelastic  vessels  have  a  greater  force  pressing  them  inwards  than 
outwards,  when  they  possess  any  considerable  thickness  of  material. 
It  is  not  true,  therefore,  that  the  parts  of  a  hollow  globe  are  pressed 
with  the  same  amount  of  force  from  the  centre  as  to  the  centre ;  but 
in  a  ratio  as  the  squares  of  the  inside  to  the  outside  diameter,  or  as 
the  surfaces  to  each  other. 

Let  the  hollow  globe  now  be  supposed  to  be  formed  of  frustums 
of  pyramids,  all  pointing  to  the  centre,  as  shown  in  the  figure.  The 
pressure  inward  on  each  of  the  frustums,  to  the  pressure  outwards, 
would  still  be  as  the  outside  surface  of  die  base  of  each  to  the  sur- 
face of  its  small  end ;  and  these  are  still  as  the  square  of  the  outside 
diameter  to  the  square  of  the  inside  diameter. 
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This  conclusion,  it  is  supposed,  will  also  be  readily  granted,  there 
being  no  alteration  in  the  figure,  and  the  base  of  each  pyramid  being 
to  its  top  as  the  whole  outside  to  the  whole  inside  surface. 

Suppose  farther,  that  one  of  the  frustrums  were  abstracted ;  this 
only  widens  the  communication  between  the  external  atmosphere 
and  internal  space,  still  the  same  proposition  would  hold  with  regard 
to  the  external  and  internal  forces  operating  on  the  remaining  frus- 
tums. In  the  same  way  let  all  the  remaining  frustums  but  the  two 
opposite  ones  be  abstracted  from  the  globe, 
as  in  this  figure,  still  the  same  ratio  will 
hold  with  these;  the  pressure  inward  to 

the  centre  from  the  outside,  will  be  to  the    /    /^  \_AE 

pressure  from  the  centre  outwards,  as  the 
outside  surface  to  the  inside  surface  of  the 

frustums,  or  as  the  square  of  the  outside    \    \  /^'"/T 

diameter  to  the  square  of  the  inside  dia- 
meter. 

Were  these  two  bodies  globes,  or  any 
other  form,  there  is  no  reason  why  the  same  law  should  not  hold 
good  with  regard  to  them. 

It  is  evident  that  as  the  inside  diameter  or  surface  approaches  the 
outside,  that  the  shell  of  the  globe  gets  thinner ;  and  when  the 
surfaces  coincide,  then  the  inside  force  or  pressure  is  just  equal  to 
the  outside  pressure,  and  then  they  will  balance  each  other,  but  not 
till  then. 

It  is  also  evident  that  the  greater  the  distance  between  the  bodies  a 
and  B,  or  the  farther  they  are  from  the  centre,  c,  that  the  less  will  be 
the  difference  between  the  exterior  and  interior  surfaces,  and  that 
this  will  be  inversely  as  the  square  of  the  distance  between  the  bodies, 
or  which  is  the  same,  from  the  centre  c. 

It  is  also  evident,  that  the  larger  the  mass  when  the  distance  is 
the  same,  the  greater  must  be  the  exterior  pressure  over  the  interior ; 
because  the  greater  is  the  difference  between  ends  of  the  frustums 
of  the  pyramids,  or  the  greater  is  the  angle  which  each  body  subtends 
at  the  other,  or  at  the  centre  c. 

We  have  thus  arrived  at  the  same  conclusion  with  regard  to  the 
laws  of  forces  by  which  matter  is  governed,  as  the  Newtonian  theory 
of  attraction  or  gravitation  requires  ;  namely,  that  the  power  of  the 
forces  by  which  bodies  are  made  to  approach  each  other,  are  in- 
versely as  the  squares  of  their  distances,  and  directly  as  their  mass, 
or  quantities  of  matter ;  and  this,  by  only  supposing  ^e  existence  of 
an  elastic  compressing  medium  extending  throughout  space,  which  is 
now  admitted  by  many  of  the  philosophic  world  to  exist. 

This  pressure  to  a  centre  between  bodies  must  necessarily  exist  if 
this  is  a  correct  demonstration  :  it  flows  from  the  nature  of  a  com- 
pressing elastic  fluid :  and  hence  there  would  be  no  necessity  for 
attraction,  for  both  cannot  have  place.  If  the  forces,  which  I  have 
attempted  to  show,  have  actually  a  place,  then  that  of  attraction  can 
t2 
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have  no  place,  as  the  former  is  capable  of  accounting  for  all  the 
phenomena  upon  a  much  more  intelligible  and  rational  principle 
than  the  latter. 


Theory  of  Saponification* 

Aware  of  the  importance  of  investigating  the  theories  involved  in 
the  chemical  arts,  with  a  view  to  their  ultimate  improvement  on 
scientific  principles,  we  had  formed  the  design  of  embodying  the 
later  observations  of  chemists  on  the  oily  substances,  when  an  essay 
of  Professor  Liebig's  appeared  in  the  "  Annalen  der  Chcmie  und 
Pharmacie,"  for  March,  1841,  which  contains  an  excellent  view  of 
the  theory  of  saponification ;  we  therefore  translate  the  essay  nearly 
entire.  J.  G.  B.  and  M.  H.  B. 

What  was  known  of  the  nature  of  saponification  previous  to  the 
commencement  of  the  present  century,  amounted  to  nothing, except- 
ing the  important  discovery,  by  Scheele,  of  the  sugar  of  fats,  now 
called  the  hydrated  oxide  of  glyceryl  (glycerule).  Chevreul  began 
in  1813,  a  series  of  investigations  on  soaps,  which  have  not  only 
thrown  a  clear  light  on  this  portion  of  chemistry,  but  have  also  led 
the  way  to  the  most  brilliant  discoveries  in  the  whole  province  of 
organic  chemistry.  We  are  indebted  to  him  for  the  present  pre- 
dominating principle  in  all  organic  researches,  viz. :  to  subject  a 
body  to  a  series  of  changes,  and  to  ground  its  composition  on  the 
ascertained  connexion  of  these  changes. 

Chevreul  proved  that  all  fats  comprehended  under  the  terms 
grease,  oil,  and  tallow,  consist  of  three  materials  united  in  the  most 
varied  proportions,  one  of  which,  oleine,  at  common  temperatures, 
and  below  32°  Fahr.,  is  always  fluid,  the  others  solid,  the  one  called 
stearine,  the  other  margarine;  distinguished  from  each  other  by 
their  melting  points,  and  the  different  acids  they  give  rise  to  by 
decomposition.  These  fatty  substances  are  each  composed  of  a 
peculiar  fat  acid,  united  to  a  compound  oxide,  the  oxide  of  glyceryl, 
and  being  salts,  are  subject  to  decomposition  like  ordinary  salts. 

Decomposition  ensues  when  a  fat,  i,e,,  a  compound  of  oxide  of 
glyceryl,  is  treated  with  an  alkali,  or  with  oxide  of  lead  or  zinc ; 
the  alcalies,  or  metallic  oxide,  combining  with  the  fat  acid ;  the 
former  constituting  soluble  salts,  or  soap,  the  latter  insoluble  salts, 
or  plasters.  The  oxide  of  glyceryl,  at  the  moment  of  its  separation 
from  the  fat  acids,  takes  up  water  and  forms  hydrated  oxide  of 
glyceryl. 

The  weight  of  the  hydrate  of  glyceryl,  added  to  that  of  the 
hydrated  fat  acids,  amounts  to  more  than  the  weight  of  the  fat 
employed ;  the  increased  weight  arising  from  the  water  entering  into 
combination  with  the  glyceryl  and  fat  acids. 

In  the  saponification  of  fats  by  alcalies,  no  other  products  are 
formed,  and  the  operation  is  conducted  equally  well  in  vacuo,  or  in 
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the  air.  With  strong  alcaline  lyes,  the  soap  separates  from  the 
concentrated  fluid,  and  collects  on  its  surface,  while  the  glyceryl 
remains  dissolved  in  the  alcaline  solution.  The  soap  remains  dis- 
solved in  a  weak  and  hot  alcaline  lye,  hut  on  cooling,  the  whole  con- 
geals to  a  gelatinous,  translucent  mass. 

Soaps  are  solid  and  hard,  or  sqfi.  The  last  are  obtained  from 
drying  oife,  and  contain  potassa  as  a  base,  and  to  give  them  more 
consistence,  tallow  and  fai  oils  are  added,  which  form  solid  soaps. 
The  hard  soaps  contain  soda,  and  are  prepared  with  fat  oils, 
tallow,  &c. 

Soda  soaps  are  made  in  England  and  France  directly  by  soda 
and  fats,  in  Germany  by  decomposing  potash  soaps  with  chloride 
of  sodium.  Commercial  soaps  from  vegetable  fats  consist  of  ole- 
ated  and  margarated  alcalies;  those  from  animal  fats  are  salts  of 
stearic,  margaric  and  oleic  acids,  with  an  alcaline  base. 

Potassa  and  soda  soaps  are  readily  soluble  in  hot  water  and 
alcohol;  the  addition  of  a  quantity  of  water  to  the  aqueous  solu- 
tion produces  a  precipitation,  the  neutral  salts  of  stearic  and  mar- 
garic acid,  decomposing  into  free  alcali,  which  remains  in  solution, 
and  acid  steorate  and  margarate  of  alcali,  which  precipitates  in 
form  of  pearly,  crystalline  scales. 

Potassa  soaps  are  more  soluble  in  water  than  those  containing 
soda.  Stearate  of  soda  may  be  regarded  as  the  type  of  hard  soaps, 
and  when  in  contact  with  ten  times  as  much  water  it  suffers  no 
striking  change.  Stearate  of  potassa  forms  a  thick  paste  with  the 
same  quantity  of  water.  Oleate  of  soda  is  soluble  in  ten  parts  of 
water ;  the  oleate  of  potassa  dissolves  in  four  parts,  and  forms  a 
jelly  with  two  parts,  and  possesses  such  a  strong  affinity  for  water, 
that  100  parts  absorb  162  in  a  moist  atmosphere.  Margaric  acid 
acts  similarly  to  stearic.  It  follows  from  this  that  soaps  are  soft  in 
proportion  to  the  oleates,  and  hard  in  proportion  to  the  stearates  and 
margarates  they  contain.  Soda  soap  exhibits  a  peculiar  behaviour 
to  a  solution  of  common  salt;  itloses  the  power  of  being  penetrated 
by,  or  dissolving  in,  a  solution  of  salt  of  a  certain  strength,  and  this 
remarkable  action  is  an  important  condition  in  its  manufacture,  on 
which  depends  the  separation  of  all  free  alcali  and  oxyde  of  glyceryl, 
'  its  content  of  water,  and  the  state  in  which  it  is  brought  into  the 
market. 

If  a  piece  of  common  hard  soap,  cut  into  pieces,  be  put  into  a 
saturated  solution  of  salt,  at  ordinary  temperatures,  it  swims  upon 
the  surface  without  being  moistened,  and  if  heated  to  boiling,  it 
separates  without  foam  into  gelatinous  flocculse,  which  collect  on  the 
surface,  and  upon  cooling  unite  into  a  solid  mass,  from  which  the 
solution  flows  off,  like  water  from  fat.  If  the  flocculse  be  taken  out 
of  the  hot  fluid  they  congeal  on  cooling  into  an  opaque  mass, 
which  may  be  pressed  between  the  fingers  into  fine  laminae  without 
adhering  to  them.  If  the  solution  be  not  quite  saturated,  the  soap 
then  takes  up  a  certain  quantity  of  water,  and  the  flocculse  separate 
through  the  fluid  in  boiling.  But  even  when  the  water  .contains 
T^B  of  common  salt,  boiling  produces  no  solution. 
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If  the  soap  be  boiled  in  a  dilute  and  alcaline  solntion  of  salt,  and 
suffered  to  cool,  it  again  collects  on  tbe  fluid  in  a  more  or  less  solid 
state,  depending  on  tbe  greater  or  less  concentration  of  the  solution, 
i,e.,  on  the  quantity  of  water  taken  up  by  tbe  soap.  By  boiling  the 
dilute  salt  solution  with  soap  for  a  considerable  time,  the  watery  floc- 
culse  swell  up,  and  the  mixture  assumes  a  foaming  appearance;  but 
still  they  are  not  dissolved,  for  the  solution  separates  from  them. 
The  floccule,  however,  have  become  soft  and  pasty,  even  after  cool- 
ing, and  their  clamminess  depends  more  or  less  upon  the  quantity  of 
water  they  have  taken  up.  By  still  continued  boiling  this  character 
again  changes,  and  in  proportion  as  the  water  evaporating  renders 
the  solution  more  concentrated,  the  latter  again  extracts  the  water 
from  the  flocculse ;  the  liquid  continues  to  foam,  but  the  bubbles  are 
larger.  At  length  a  point  is  attained  when  the  solution  becomes 
saturated ;  before  this,  large,  iridescent  bubbles  are  observed  to  form, 
and  in  a  short  time  all  foam  disappears;  the  liquid  continues  boiling 
without  foam,  all  the  soap  collects  in  a  translucent  mass  on  the 
surface,  and  now  the  solution  and  soap  cease  to  attract  water  from 
each  other.  If  the  plastic  soap  be  now  removed  and  cooled,  while 
the  solution  is  pressed  out,  it  has  become  so  solid  as  scarcely  to  re- 
ceive an  impression  from  the  fingers.  In  this  state  it  is  called  |7ratii^ 
soap  (Kemseife). 

The  addition  of  salt,  or  its  solution,  or  a  concentrated  alcaline 
solution  of  soap  in  water,  precipitates  the  soap  in  gelatinous  flocculs, 
and  the  mixture  behaves  precisely  like  solid  soap  boiled  with  a  dilute 
solution  of  salt.  Carbonated  and  caustic  potassa  act  exactly  like  salt, 
by  separatiag  soap  from  the  alcaline  fluid,  in  which  it  is  absolutely 
insoluble. 

The  application  of  the  above  to  the  manufacture  of  soap  is  evident. 
The  fat  is  kept  boiling  by  an  alcaline  lye  until  all  pasty  matter  dis- 
appears, but  the  lye  should  only  have  a  certain  strength,  so  that  the 
soap  may  be  perfectly  dissolved  in  it.  Thus  tallow  may  be  boiled 
for  days  in  a  caustic  potass-lye,  of  sp.  gr.  1*26,  without  saponify- 
ing ;  if  the  lye  be  stronger,  a  partial  saponification  takes  place,  but 
being  insoluble  in  the  fluid,  it  floats  upon  the  surface  in  a  solid  mass; 
by  the  gradual  addition  of  water  and  continued  boiling,  at  a  certain 
point  the  mass  suddenly  becomes  thick  and  clammy,  and  with  more 
water  a  kind  of  emulsion  is  formed  (Seifenleim),  which  continued 
heating  renders  perfectly  clear  and  transparent,  if  a  suflicient  quantity 
of  alcali  be  present.  In  this  state  it  may  be  drawn  into  long  threads, 
which,  on  cooling,  either  remain  transparent,  or  are  more  milky  and 
gelatinous.  As  long  as  the  hot  mass  suffered  to  drop  from  a  spatula 
exhibits  a  cloudiness  or  opalescence,  the  boiling  is  continued  or 
more  alcali  added.  When  excess  of  alcali  is  present,  the  cloudiness 
arises  from  imperfect  saponification  or  want  of  water;  the  former  is 
shown  by  dissolving  a  little  in  pure  water,  which  becomes  perfectly 
clear  when  the  whole  is  saponified ;  if  the  lye  contain  lime,  the  mix- 
ture is  also  clouded,  but  the  addition  of  caVborated  alcali  instantly 
clarifies  it 
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In  order  to  separate  the  soap  from  water,  free  alcali,  and  oxide  of 
glyceryl,  a  large  quantity  of  salt  is  generally  added  to  the  boiling 
mass,  on  each  addition  waiting  until  it  is  dissolved ;  the  first  addition 
increases  the  consistency  of  ue  mass,  while  each  successive  portion 
renders  it  more  fluid,  till  it  looses  its  threading  character,  ana  drops 
from  the  spatula  in  short  thick  lumps.  As  soon  as  the  congelation 
is  complete,  te.,  when  gelatinous  flocculs  separate  from  a  clear 
watery  liquid,  the  fire  is  extinguished,  the  soap  suffered  to  collect  on 
the  surface,  and  cooled  either  on  the  liquid,  or  ladled  out,  and  suf- 
fered to  get  solid. 

In  the  former  case  it  is  impure  from  water,  free  alcali,  and  other 
impurities  of  the  lye,  and  is  therefore  ill  adapted  for  commerce, 
although  sufficiently  good  for  domestic  purposes.  As  in  other  chemi- 
cal operations  a  precipitate  is  purified  by  boiling  it  in  a  fluid  on  which 
it  is  insoluble,  so  soap  is  purified  by  a  solution  of  salt  rendered 
alcaline. 

The  soap  of  the  first  boiling  is  either  re-dissolved  in  weak  alcaline 
lye,  and  precipitated  by  salt  several  times,  or  it  is  boiled  with  an 
alcaline  solution  of  salt  several  times,  by  which  means  it  is  rendered 
much  purer.  When  the  saponified  fluid  is  made  with  potassa,  the 
salt  (cnloride  of  sodium)  operates  in  a  two-fold  manner:  it  dissolves 
in  the  pasty  liquid,  and  decomposes  with  the  potassa  salts  of  the  fat 
acids,  forming  on  the  one  side  cloride  of  potassium,  and  on  the  other 
soda,  or  soda-soap.  That  a  decomposition  takes  place  is  evident 
from  the  altered  consistency  of  the  fluid  mass.  Since  chloride  of 
potassium  has  not  the  property  of  separating  soap  soda,  a  larger 
quantity  of  salt  is  added.  When  potassa-lye  is  employed  in  soap- 
making,  the  first  saltinff  requires  more  than  twice  the  quantity  of  salt. 

In  ^e  preparation  of  potash  soaps,  a  concentrated  potassa  lye  is 
employed  for  separating  the  soap.  Acetate,  or  tartrate  of  potassa, 
may  be  employed  on  a  small  scale.  In  the  manofactore  of  soaps, 
the  saponification  of  the  fats  is  not  completed  by  the  first  treatment 
with  weak  lyes*^  and  the  subsequent  repetition  of  fresh  lyes,  beside 
purifying,  also  renders  saponification  more  uerfect. 

In  the  saponifying  olive  and  other  oils,  tne  mixture  often  attaches 
itself  to  the  bottom  of  the  vessel,  and  is  burned ;  in  these  cases  the 
alcaline  lye  is  previously  mingled  with  salt,  so  that  the  forming  soap 
is  obtained  in  a  state  of  fine  division,  and  yet  prevented  from  forming 
a  perfect  solution.  For  common  house  use,  soap  of  the  first  boil 
is  only  treated  once  with  salt;  that  for  commercial  purposes  is 
suffered  to  swell  up  in  a  weak  salt  lye,  by  means  of  which  it  takes 
up  fifteen  to  twenty  per  cent  water.  Grain  soap  (Kemseife  of  the 
Germans)  is  generally  coloured  bluish,  or  greenish,  from  sulphuretof 
iron,  or  copper,  or  fiom  iron,  or  copper-soaps.  By  cooling,  these 
colouring  matters  collect  more  or  less  in  certam  points,  which  gives  a 
marbled  appearance  to  the  hard  soap.  Marbling  is  generally  pro- 
duced by  toe  addition  of  sulphate  of^iron,  or  peroxide  of  iron,  to  the 
ttill  soft  mass. 

For  white  soap,  it  is  rendered  fluid  by  heating  it  in  a  saline^  aica* 
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line  lye,  and  kept  in  the  covered  Teasel  until  all  the  colouring  matters 
have  subsided.  The  more  water  the  soap  has  taken  up  in  this  opera- 
tion,  the  more  perfect  the  separation  of  the  impurities,  the  whiter  the 
soap.  Now,  since  this  water  is  not  separated,  but  sold  in  the  soap, 
it  follows  that  it  has  much  less  real  value  than  the  grain  soap.  The 
white  soap  contains  from  forty-five  to  seventy,  marbled  soap  from 
twenty-five  to  thirty-five  per  cent,  water. 

The  manufacture  of  soil  soap  is  the  simplest  of  all.  The  drying 
oUs,  either  alone,  or  mixed  with  train  oil,  tallow  and  other  fats,  are 
kept  boiling  with  dilute  potassa  lye  until  the  saponification  is  com- 
pleted, %.€.,  a  mass  is  formed  which  draws  into  long  transparent 
threads.  Particular  care  is  had  in  its  preparation  to  the  dilution  of 
the  lye,  for  all  soft  soaps  are  insoluble  in  moderately  strong  potassa 
lye,  and  may  be  precipitated  from  their  solution  by  the  addition  of 
strong  lyes.  The  fluid  would  therefore  appear  cloudy,  milky,  with 
an  excess  of  strong  lye,  and  by  adding  water  would  become  pasty, 
or  gelatinous.  A  deficiency  of  alcali  produces  an  acid  oleate  of 
potassa,  which  attaches  itself  in  thick  masses  to  the  bottom  of  the 
Tessel ;  but  an  addition  of  lye  changes  it  into  a  neutral  salt.  Oxide 
of  glyceryl  is  not  separated  from  soap,  although  it  might  be  done  by 
the  final  use  of  strong  alcaline  lyes. 

The  soft  soaps  of  commerce  have  a  greenish,  or  greenish  brown 
colour ;  they  are  transparent  in  thin  laminae,  shining,  soft  but  not 
fatty  to  the  touch,  of  a  peculiar  odour,  and  have  an  alcaline  re-action. 
Tallow  is  often  added  to  them,  which  disseminates  crystalline  par- 
ticles of  stearate  of  potassa ;  communicating  to  them  a  peculiar 
grained  character.  Ghevreul  and  Thenard  found  in  commercial  soft 
soap  39*2  to  44  per  cent  oleic  and  margaric  acids,  8*8  to  9*5  po- 
tassa, and  46*6  to  52  water.  They  always  contain  hydrated  oxide 
of  glyceryl  and  delphinate  of  potassa,  derived  from  train  oil,  whence 
their  peculiar  odour. 

When  an  alcaline  soap  is  mixed  with  an  earthy,  or  metallic  salt, 
volumnious  white  or  coloured  precipitates  ensue,  in  which  the  alcali 
is  replaced  by  the  earth,  or  metallic  oxide.  Thus  the  salts  of  lime, 
magnesia,  &c.,  throw  down  lime,  magnesia,  &c.,  soaps.  Hence  the 
curdling  appearance,  when  soap  is  used  with  hard  waters,  arises  from 
the  union  of  the  lime  or  magnesia  they  contain  with  the  fat  acids. 
If  carbonate  of  lime  be  in  the  water,  it  may  be  thrown  down  by  a 
little  caustic  potassa  or  lime,  which  will  render  it  softer ;  if  sulphate 
of  lime,  or  a  magnesia  salt  be  present,  pearlash,  (ash-lye)  will  sepa- 
rate the  earths. 


Description  of  a  new  Universal  Photometer^     By  Dr.    Charles 
ScHAFHAEUTL,  of  Muntch  Assoc,  Inst.  C.  E.* 

The  inadequacy  of  the  photometric  instruments  invented  by  Pic- 
tet,  Rumford,  and  others,  is  universally  acknowledged.  The  bromide 

*  Trana.  of  the  Inst,  of  Civ.  Eng. 
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of  silver,  as  used  by  Sir  John  Herschel,  although  extremely  sensi- 
tive, is  only  slightly  affected  by  artificial  light. 

These  circumstances  induced  the  author  to  complete  the  present 
instrument,  which  he  contemplated  about  twelve  years  since. 

The  intensity  of  the  undulations  of  gaseous  fluids,  as  well  as  that 
of  the  air,  is  proportional  to  the  amplitude  of  the  oscillations,  or, 
more  properly,  to  the  square  of  the  amplitude. 

A  wave  of  light  striking  the  retina  must  create  a  similar  vibratory 
motion  in  the  nerves  of  the  retina,  because  the  velocity  of  the  mole- 
cular movement  of  the  nerves  depends  upon  the  force  with  which 
they  have  been  struck  by  the  original  wave,  and  if  this  velocity  could 
be  measured,  it  would  show  at  the  same  time  the  intensity  of  light. 

It  is  scarcely  possible  to  obtain  a  direct  accurate  measurement  of 
this  velocity,  but  if  the  time  during  which  the  vibratory  motion  of 
the  nerves^  ceases  be  ascertained,  the  velocity  of  the  vibrating 
molecules,  and,  therefore,  the  intensity  of  light  may  be  determined ; 
because  the  duration  of  an  impression  on  the  retina  is  dependent  on 
the  resistance  which  the  molecules  of  the  nerves  oppose  to  every 
force  striking  them  ;  but  as  this  resistance  of  the  nerves  increases  as 
the  square  of  the  velocity,  four  times  the  momentum,  or  intensity,  is 
necessary  to  double  the  time  of  duration  ;  or,  in  other  words,  the 
intensity  of  the  pencil  of  rays  is  as  the  square  of  the  time  of  the  du- 
ration of  that  impression  made  on  the  nerves  of  the  retina. 

The  new  photometer  consists  of  a  brass  bar  fixed  vertically  in  a 
stand,  carrying  at  its  upper  end  a  small  tube  in  two  parts,  which 
may  be  lengthened  frop  Ave  to  ten  inches,  if  requisite.  This  eye 
tube  has  at  each  end  a  sliding  plate  pierced  with  holes  of  correspond- 
ing diameters.  From  the  bottom  of  the  bar  a  projecting  arm  sus- 
tains the  lower  end  of  a  strip  of  rolled  steel,  eighteen  inches  long, 
-^  inch  broad,  and  -^  inch  thick ;  this  has  at  the  upper  end  a 
thin  plate,  pierced  wiUi  a  small  hole,  corresponding  with  the  holes 
in  the  sliders,  and  standing  one-eighth  of  an  inch  from  one  of  them : 
upon  the  main  bar  is  a  prism  with  a  slit  in  it,  through  which  the 
strip  of  steel  passes  ;  this  prism  can  be  moved  up  and  down,  by  a 
rack  and  pinion,  so  as  to  lengthen  or  shorten  the  vibrations  of  the 
strip. 

The  method  of  using  the  instrument,  is  to  adjust  the  two  holes  at 
the  opposite  ends  of  the  horizontal  eye  tube,  so  that  they  perfectly 
correspond,  and  do  not  permit  any  rays  of  light  to  enter,  unless  the 
plate  at  the  extremity  of  the  spring  be  pushed  aside.  The  light  to 
be  compared  is  then  placed  at  a  certain  given  distance  behind  the 
plate,  so  that  by  bringing  the  axis  of  the  hole  which  is  pierced  in  it 
into  the  axis  of  the  tube,  a  small  pencil  of  light  may  enter  the  pupil 
of  the  eye.  The  prism  is  then  placed  at  100  of  the  scale  on  the  side 
of  the  brass  bar,  and  the  steel  strip  caused  to  vibrate  gently.  A  lu- 
minous disc  immediately  appears,  accompanied  by  scintillations, 
which  are  caused  by  the  impressions  on  the  retina  being  interrupted 
by  dark  intervals:  the  prism  is  then  gradually  raised,  until  the 
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length  of  the  vibrations  of  the  strip  being  diminished,  and  the  velo^ 
city  increased,  the  luminous  disc  appears  perfectly,  steady  and  dear. 
The  length  of  the  vibrating  portion  of  the  strip  is  then  read  off  by 
the  verniers  marked  on  the  brass  rod,  and  compared  with  the  whole 
length  of  the  spring,  measured  from  100,  which  is  considered  as 
unity.  The  number  of  tlie  vibrations  to  be  computed  from  the  found 
length  of  the  spring,  are  inversely  to  the  numbers  of  vibrations  of 
the  whole  length,  as  the  squares  of  their  relative  lengths.  Hence 
are  constructed  the  formulse  for  calculation,  which  are  given  at 
length  in  the  communication. 

A  fresh  luminous  impression  is  made  on  the  retina  as  often  as  the 
circular  aperture  in  the  screen  on  the  top  of  the  spring  cuts  the 
axis  of  the  tube.  If  the  duration  of  the  small  vibration  of  the  nerves 
of  the  retina  is  shorter  than  the  time  of  a  vibration  of  the  spring,  a 
dark  interval  appears  between  the  two  luminous  impressions.  In 
this  case  the  vibration  of  the  spring  is  shortened  until  the  next  im- 
pression returns  just  as  the  first  ceases,  and  therefore  the  dark  in- 
terval disappears ;  then  by  measuring  the  length  of  the  shortened 
spring,  the  number  of  vibrations  can  be  computed,  and  from  them 
^e  intensity  of  the  light. 
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Decision  of  the  Court  of  Common  Pleas,  affirming  the  validity  of 
the  Patent  granted  to  George  Crane,  Esq,,  for  Smelting  Iron 
with  Anthracite  Coal,  Delivered  at  Westminster  Hall,  June 
IZth,  1842,  by  Lord  Chief  Justice  Tindall, 

The  Lord  Chief  Justice : — This  was  an  action  on  the  case  for  the 
infringement  of  a  patent  granted  to  the  plaintiff  on  the  28th  of  Sep-^ 
tember,  1836,  for  an  improvement  in  the  manufacture  of  iron.  The 
declaration  was  in  the  usual  form,  and  the  defendants  pleaded  there- 
to, first,  that  they  were  not  guilty ;  secondly,  that  the  plaintiff  was 
not  the  first  and  true  inventor  of  the  said  improvement — upon  each 
of  which  pleas  issue  was  joined ;  thirdly,  after  setting  out  at  length 
the  plaintiff's  specification,  the  defendants  pleaded  that  the  alleged 
improvement  therein  described  was  not  a  new  manufacture,  invented 
by  the  plaintiff  within  the  intent  and  meaning  of  the  statute,  as  to 
the  public  use  and  exercise  thereof  in  England — which  allegation 
was  traversed  by  the  plaintiff  in  his  replication ;  fourthly,  the  defen- 
dant pleaded  that  the  nature  of  the  plaintiffs  invention,  and  the 
manner  in  which  it  was  to  be  performed,  were  not  particularly  de- 
scribed, or  ascertained  by  the  plaintiff,  in  his  specification — upon 
which  plea  issue  was  joined,  and  in  their  last  plea,  the  defendants, 
after  referring  to  the  plaintiffs  specification  before  set  out  in  the 
third  plea,  stated  the  grant  of  letters  patent,  dated  September  11, 

*  From  the  Cambrian. 
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1628,  to  one  James  Beaumont  Neilaon,  for  an  improved  application 
of  air  to  produce  heat  in  fires,  forges,  and  furnaces,  where  bellows 
and  other  blowing  apparatus  were  required — that  Neilsoo's  inven- 
tion was  the  production  and  application  of  a  hot-air  blast,  and  was  in 
public  use  with  Neilson's  license  in  the  smelting  and  manufacturing 
of  iron    from    iron    stone,    and    was   the   hot-air   blast    in    the 
plaintiflPs  specification  mentioned — that  the  plaintiff  could  not  use 
the  hot-air  blast  mentioned  in  his  specification  without  Neilson's 
license,  and  that  he  had  obtained  such  license  before  the  grant  of 
his  letters  patent,  and  that  the  using  by  the  plaintiff  of  the  hot-air 
blast,  in  the  smelting  of  iron  from  iron  stone,  combined  with  anthra- 
cite or  stone  coal,  as  mentioned  in  his  specificaUon,  was  a  using  and 
and  imitating  of  Neilson's  invention,  whereby  the  plaintiff's  inven- 
tion is  void.    The  plaintiff  replied  to  this  last  plea,  that  Neilson's 
invention  was  not  the  same  hoi-air  blast,  and  that  the  machinery 
and  apparatus  adapted  for  the  application  thereof,  mentioned  and 
referred  to  in  the  plaintifi''s  specification,  was  not,  nor  was  the  using 
by  the  plaintiff  of  the  invention,  as  described  in  his  specification,  a 
using  and  imitating  of*  Neilson's  invention,  described  in  Neilson's 
specification ;  which  allegation  is  traversed  by  the  defendants  in 
their  rejoinder.    At  the  trial  before  me,  a  verdict  was  entered  for 
the  plaintiff  on  all  the  issues,  subject  to  the  opinion  of  the  Court, 
upon  the  evidence  given  at  the  trial,  as  contained  in  a  report  agreed 
upon  between  the  parties — the  Court  being  at  liberty  to  draw  the 
same  inference  from  it  as  a  jury  might  draw.    On  the  argument,  it 
was  contended  by  the  defendants,  that  the  verdict  ought  to  be  enter- 
ed for  them  on  each  of  the  issues  joined  on  the  record  ;  but  as  the 
main  question  between  the  parties  turns  on  the  the  third  issue,  which 
involves  the  question  whether  the  invention  of  the  plaintiff  is  a 
manufacture  within  the  intent  and  meaning  of  the  statute  of  James— 
that  is,  whether  it  is  or  is  not  the  subject  matter  of  a  patent — and 
as  the  determination  of  this  issue  in  favour  of  one  party  or  the  other 
will  render  the  decision  of  the  other  issues  free  from  difficulty,  the 
simplest  way  will  be  to  apply  ourselves  in  the  first  instance  to  that 
Question.     Now,  in  order  to  determine  whether  the  improvement 
described  in  the  patent  is,  or  is  not  a  manufacture  within  the 
statute,  we  must  in  the  first  place  ascertain  precisely  what  is  the 
invention  claimed  by  the  plaintiff,  and  then,  by  the  application 
of  some  principles  admitted  and  acknowledged  in  the  application 
of  the  law  relating  to  patents,  and  by  the  authority  of  decided 
cases,  determine  the  question    in    dispute  between  the  parties. 
The  plaintiff  describes  the  object  of   his  invention    to  be  the 
application  of  anthracite  or  stone   coal,  combined  with   hot-air 
blast,  in  the  smelting  or  manufacture  of  iron  from  iron  stone,  mine, 
or  ore ;  and  states  distinctly  and  unequivocally  at  the  end  of  his 
specification,  that  he  does  not  claim  the  use  of  a  hot-air  blast, 
separately,  as  of  his  invention,  when  uncombined  with  the  application 
of  anthracite  or  stone  coal ;  nor  does  he  claim  the  application  of 
anthracite  or  stone  coal  when  uncombined  with  the  using  of  hot- 
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air  blast;  but  that  what  he  claims  as  his  inventioD,  is  the  application 
of  aDthracite  or  stone  coal,  and  culm,  combined  with  the  using  of 
hot-air  blast  in  the  smelting  and  manufacture  of  iron  from  iron 
stone,  mine,  or  ore.     And  the  question  therefore  becomes  this — 
whether,  admitting  the  using  of  the  hot-air  blast  to  have  been  known 
before  in  the  manufacture  of  iron  with  bituminous  coal,  and  the  use 
of  anthracite  and  stone  coal  to  have  been   known  before  in  the 
manufacture  of  iron  with  cold-blast;  but  that  the  combination  of 
the  two  together  (the  hot-blast  and  the  anthracite)  were  not  known 
to  be  combined  before  in  the  manufacture  of  iron,  whether  such 
combination  can  be  the  subject  of  a  patent  P     We  are  of  opinion 
that  if  the  result  produced  by  such  a  combination,  is  either  a  new 
article,  or  a  better  article,  or  a  cheaper  article  to  the  public,  than 
that  produced  before  by  the  old  method,  that  such  combination  is 
an  invention  or  manufacture  intended  by  the  statute,  and  may  well 
become  the  subject  of  a  patent.     Such  an  assumed  state  of  facts 
falls  clearly  within  the  principle  exemplified  by  Abbot,  Chief  Justice, 
in  the  case  of  the  King  v.  Wheeler,  2nd  Barnewall  and  Adolphus, 
349,  where  he  is  determining  what  is,  or  whal  is  not,  the  subject  of 
a  patent :  namely,  it  may  perhaps  extend  to  a  new  process,  to  be 
carried  on  by  known  instruments,  or  elements,  acting  upon  known 
substances,  and  ultimately  producing  some  other  known  substance, 
but  producing  it  in  a  cheaper  or  more  expeditious  manner,  or  a 
better  or  more  useful  kind.     And  it  falls  also,  within  t}je  doctrine 
laid  down  by  Lord  £ldon,  in  Hill  v.  Thompson,  in  3rd  Merivale, 
629  :  namely,  there  may  be  a  valid  patent  for  a  known  combination 
of  materials  previously  in  use  for  the  same  purpose,  or  even  for  a 
new  method  of  applying  such  materials  ;  but  the  specification  must 
clearly  express  that  it  is  in  respect  of  such  new  combination  or 
application.     There  are  numerous  instances  of  patents  which  have 
been  granted  where  the  invention  consisted  in  no  more  than  in  the 
use  of  things  already  known,  and  acting  with  them  in  a  manner 
already  known,  and  producing  effects  already  known ;  but  producing 
those  effects  so  as  to  be  more  economically  or  beneficially  enjoyed 
by  the  public.     It  will  be  sufficient  to  refer  to  a  few  instances,  some 
of  which  patents  have  failed  on  other  grounds,  but  none  on  the 
ground  that  the  invention  itself  was  not  the  subject  of  a  patent. 
We  may  first  instance  Hall's  patent  for  applying  the  flame  of  gas  to 
singe  off  the  superfluous  fibres  of  lace,  when  a  flame  of  oil  had  been 
used  before  for  the  same  purpose;  Derosne's  patent,  in  which  the 
invention  consisted  in  filtering  the  syrup  of  sugar  through  a  filter, 
to  act  with  animal  charcoal,  and  charcoal  from  bituminous  schistus, 
where  charcoal  had  been  used  before  in  the  filtering  of  almost  every 
other  liquor,  except  the  syrup  of  sugar;  HilPs  patent,  in  3rd 
Merivale  above  refered  to,  for  improvements  in  the  smelting  and 
working  of  iron;  there  the  invention  consisted  only  in  the  use  and 
application  of  the  slags  or  cinders,  thrown  off  by  the  operation  of 
smelting,  which  had  been  previously  considered  useless,  for  the 
production  of  good  and  serviceable  metal,  by  the  admixture  of  mine 
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nibbisb.  Again,  DaniePs  patent  was  taken  out  for  improvements  in 
dressing  woollen  cloth,  where  the  invention  consisted  in  immersing 
a  roll  of  cloth,  manufactured  in  the  usual  manner,  in  hot  water. 
(See  the  King  v.  Daniel,  in  Mr.  Godson's  book  on  patents,  274.) 
The  only  question,  therefore,  that  ought  to  be  considered  on  the 
evidence,  is — was  the  iron  produced  by  the  combination  of  the  hot- 
blast  and  the  anthracite  a  better  or  a  cheaper  article  than  was 
produced  from  the  combination  of  the  hot-blast  and  the  bihiminous 
coal ;  and  was  the  combination  described  in  the  specification  new, 
as  to  the  public  use  thereof,  in  England  ?  And  upon  the  first  point, 
upon  looking  at  the  evidence  in  the  cause,  we  think  there  is  no 
doubt  that  the  result  of  the  combination  of  the  hot-blast  with  the 
anthracite,  on  the  yield  of  the  furnaces,  was  more;  the  nature,  pro- 
perty, and  quality  of  the  iron  better;  and  the  expense  of  making 
the  iron  less,  than  it  was  under  the  former  process,  by  means  of  the 
combination  of  the  hot-blast  with  the  bituminous  coal.  It  is  to  be 
observed,  that  no  evidence  was  produced  on  the  part  of  the  defendants 
to  meet  that  given  by  the  plaintiff  on  these  grounds,  and  that  it  was 
a  necessary  consequence,  from  the  proof  in  the  cause,  that  the  substi- 
tution of  the  anthracite  coal,  in  whole,  or  in  part,  instead  of  or  in  tlie 
place  of,  bituminous  coal,  from  the  substitution  of  that  the  manufac- 
ture of  the  iron  should  be  obtained  at  less  expense.  It  was  objected, 
in  the  course  of  the  argument,  that  the  quality,  or  degree,  of  invention, 
was  so  small  that  it  could  not  become  the  subject-matter  of  a  patent; 
that  a  person  who  could  procure  a  license  to  use  the  hot-air  blast 
under  Neilson's  patent  had  a  full  right  to  apply  that  blast  to  coal  of 
any  nature  whatevever,  whether  bituminous  or  stone  coal.  But  we 
think  if  it  were  necessary  to  consider  the  labour,  pains,  ex- 
pense, incurred  by  the  plaintiff  in  bringing  his  discovery  to  per- 
fection, that  there  is  evidence  in  this  cause  that  the  expense  was 
considerable,  and  the  experiments  numerous.  But  in  point  of  law, 
the  labour  of  thought,  or  experiments,  and  the  expenditure 
of  money,  are  not  the  essential  grounds  of  consideration  on  which 
the  question,  whether  the  invention  is  or  is  not  the  subject-matter 
of  a  patent,  ought  to  depend  ;  for  if  the  invention  be  new  and  useful 
to  the  public,  it  is  not  material  whether  it  be  the  research  of  long 
experiments  and  profound  research,  or  whether  by  some  sudden 
and  lucky  thought  or  mere  accidental  discovery.  The  case  of 
Monopolies,  11th  Coke,  states  the  law  to  be,  that  where  a  man,  by 
his  own  charge  or  industry,  or  by  his  own  wit  or  invention,  brings  a 
new  trade  into  the  realm,  or  any  engine  tending  to  the  furtherance 
of  a  trade,  that  never  was  used  before,  and  that  was  for  the  good  of 
the  realm,  that  the  King  may  grant  him  the  monopoly  of  a  patent 
for  a  reasonable  time.  If  the  combination  now  under  consideration 
be,  as  we  think  it  is,  a  manufacture  within  the  statute  of  James  the 
First,  there  was  abundant  evidence  in  the  cause  that  it  had  been  the 
great  object  and  desideratum,  before  the  granting  of  the  patent, 
to  smelt  iron  stone  by  the  means  of  anthracite  coal,  and  that  it  had 
never  been  done  before.    There  is  no  evidence  on  the  part  of  the 
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defeodanU,  to  meet  that  which  the  plaintiff  brought  forward.  These 
considerations,  therefore,  enable  ns  to  direct  that  the  yerdict  ought 
to  be  entered  for  ihe  plaintiff,  on  the  third  issue ;  that  it  was  a  new 
manufacture — new  as  to  the  public  use  and  exercise  thereof,  within 
England  and  Wales.  On  the  same  ground,  also,  the  second  issue  is 
disposed  of  in  favour  of  the  plaintiff.  No  evidence  was  produced 
on  the  part  of  the  defendants,  to  show  any  inventor  earlier  than  the 
plaintiff;  nor  does  the  fact  that  there  was  an  earlier  inventor  appear 
from  the  cross-examination  of  the  plaintiff's  witnesses.  As  to  the 
first  issue — namely,  whether  the  defendants  had  infringed  the  patent, 
we  think  it  clearly  appears  on  the  evidence,  that  the  defendants  had 
used,  either  in  part  or  in  whole,  the  combination  described  in  the 
specification  or  the  plaintiff's  patent ;  the  plaintiff's  evidence  goes 
fully  to  show  certain  infringements,  and  that  is  not  met  by  any  ex- 
planations on  the  part  of  the  defendants.  Indeed,  the  defendants' 
case  did  not  appear  to  rest  on  this  point  at  the  trial,  so  much  as  on 
the  important  question  raised  by  them,  whether  the  improvement  de- 
scribed in  the  specification  was  a  manufacture  within  the  statute  of 
James.  Upon  the  fourth  issue,  which  raised  no  more  than  the  usual 
inquiry — whether  the  nature  of  the  invention  was  sufficiently 
described  in  the  specification  P — the  usual  evidence  was  given  that 
persons  of  competent  skill  and  experience  could,  by  following  the 
direction,  produce  the  manufacture  described,  with  success ;  and  this 
evidence  was  entirely  unopposed.  Upon  this  issue,  also,  the  verdict 
ought  to  be  entered  for  the  plaintiff.  With  respect,  however,  to  the 
issue  raised  in  the  rejoinder,  in  the  plaintiff's  replication  to  the  fifth 
plea,  we  are  of  opinion,  that  taking  the  whole  evidence  brought 
forward  by  the  plaintiff,  it  is  impossible  to  perceive  any  substantial 
or  real  distinction  between  the  hot-air  blast,  and  the  machinery  and 
apparatus  described  in  Neilson's  specification,  from  that  described 
or  referred  to  in  the  plaintiff's;  or  to  say  that  the  using  by  the 
plaintiff  of  the  invention  described  in  his  specification,  was  any  other 
than  a  using  and  imitating  of  the  invention  described  in  Neilson's 
specification.  The  plaintiff,  indeed,  worked  by  license  under 
Neilson's  patent,  at  the  time  of  his  discovery.  On  this  fifth  issue, 
therefore,  we  think  the  verdict  should  be  entered  for  the  defendants. 
Then  arises  the  question  whether  the  plaintiff  is  or  is  not  entitled  to 
the  judgment,  notwithstanding  the  verdict  on  the  fifth  issue,  on  which 
point  the  argument  on  the  part  of  the  defendants  is,  that  the  taking 
out  a  patent  for  an  invention,  which  invention  cannot  be  used  or 
enjoyea  by  the  public  except  by  means  of  the  former  invention  of 
another  person,  which  former  invention  is  itself  the  subject-matter 
of  a  patent  still  in  force,  is  void  by  law.  Undoubtedly,  if  the 
second  patent  claims,  as  part  of  the  invention  described  in  it,  that 
which  had  been  the  subject-matter  of  a  patent  then  in  force,  it  would 
he  void,  on  the  double  ground  that  it  claimed  that  which  was  not 
new  (which,  indeed,  would  equally  be  the  case  if  the  former  patent 
had  expired),  and  also  that  it  would  be  an  infringement  or,  and 
inconsistent  with,  a  former  grant  of  the  King,  ttill  in  force ;  which 
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latter  consideratioD,  alone,  would  make  a  new  grant  void.  But  in 
this  case,  there  is  an  express  disclaimer  of  any  part  of  the  invention 
to  the  use  of  the  hot-air  hlast  which  was  covered  by  Neilson's 
patent,  the  specification  describing  that  the  application  of  the  hot-air 
blas^  was  well  understood,  and  extensively  applied,  in  many  places 
where  ordinary  fuel  is  employed.  The  validity,  therefore,  of  the 
plaintiff's  patent  cannot  be  impeached  on  either  of  the  grounds 
above  adverted  to.  Unless,  therefore,  the  grantee  of  the  new  letters 
patent  is  bound  by  law  to  specify  whether  such  former  invention, 
which  is  excepted,  was  so  excepted  on  the  ground  of  its  being 
generally  known  and  used  by  the  public,  and  on  the  ground  that  it 
was  the  subject  of  a  patent  that  secured  the  use  of  it  to  a  former 
patentee,  the  new  patent  will  be  good ;  but  that  distinction  is  as 
much  in  the  knowledge  of  the  public  as  the  grantee  of  the  patent. 
If,  indeed  the  new  patent  had  been  taken  out  for  improvement, 
or  alterations,  in  an  mvention  secured  by  a  former  patent,  then,  for 
obvious  reasons,  greater  particularity  would  be  necessary  to  distin* 
guisli  the  new  from  the  old.  But  the  present  specification  expressly 
says — **  I  take  the  whole  of  the  invention,  already  well  known  to 
the  public,  and  I  combine  it  wilh  something  else."  Now,  it  is 
further  argued,  that  in  point  of  law  no  patent  can  be  taken  out 
which  includes  the  subject-matter  of  a  patent  still  remaining,  or  in 
force.  No  authority  was  cited  to  support  this  proposition ;  and  the 
case  which  was  before  Lord  Tenterden,  and  in  which  he  held  that 
where  an  action  was  brought  for  improvements  in  a  former  patent 
granted  to  another  person,  and  still  in  force,  that  the  plaintiff  must 
produce  the  former  patent  and  specification ;  that  at  least  affords  a 
strong  inference  that  the  second  patent  was  good.  Lewis  v.  Davis 
3rd  Carrington,  and  Payne  and  Harmer  v.  Payne,  11th  East.,  are 
clear  authorities  on  the  same  point ;  and  upon  reason  and  principle 
there  appears  to  be  no  objection.  The  new  patent,  after  the  expira- 
ation'of  the  old  one,  will  be  free  from  every  objection ;  and  whilst 
the  former  exists,  the  new  patent  can  be  legally  used  by  the  public 
by  procuring  a  license  from  Neilson,  or  by  purchasing  the  appara- 
tus from  him  or  some  of  his  agents ;  ana  the  probability  of  the 
refusal  of  a  license  to  any  one  applying  for  it  is  so  extremely  remote 
that  it  cannot  enter  into  consideration  as  a  ground  of  legal  objection. 
On  the  whole,  therefore,  we  think  the  verdict  is  to  be  entered  for  the 
plaintiff  on  all  the  issues  except  the  fifth ;  that  the  verdict  is  to  be 
entered  for  the  defendants  on  the  fifth  issue — but  that,  notwithstand- 
ing sQch  verdict,  the  judgment  must  be  given  for  the  plaintiff. 

Mr.  M.  Smith  : — My  Lord,  there  are  certain  certificates  which 
were  to  be  given,  in  case  the  judgment  was  for  the  plaintiff. 

The  Lord  Chief  Justice : — You  must  apply  to  me  for  those ;  that 
is  not  a  matter  for  the  Court — that  is  a  matter  for  myself. 
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A  dangerous  Property  of  Wood  Ashes  exposed,  and  some  of  their 
other  Properties  examined.  By  Dr.  John  T.  Plummer,  of 
Richmond^  Indiana.* 

I  HAVE  recently  devoted  some  time  to  a  further  examination  into 
the  properties  of  wood  ashes,  and  especially  into  that  property  by 
which  heat  is  conveyed  from  a  small  space  on  their  surface  deeply 
into  the  interior  of  the  largest  masses.  I  consider  the  subject  of 
sufficient  importance  to  claim  the  attention  of  the  general  as  well  as 
the  scientific  reader ;  for  I  cannot  forbear  thinking,  that  at  least 
some  of  the  mysterious  conflagrations  which  are  repeatedly  occur- 
ring, are  chargeable  to  this  hitherto  unsuspected  cause. 

Judging  by  the  remarks  of  Prof.  Hubbard,  accompanying  two 
cases  of  combustion  in  wood  ashes,  reported  by  him  in  a  late  num- 
ber of  this  journal,  it  appears  to  be  his  opinion  that  the  caloric  in 
question  was  generated  within  and  near  the  bottom  of  the  heap,  by 
a  spontaneous  but  unknown  process.  I  conceive  that  the  following 
experiments  render  this  opinion  highly  improbable,  and  they  go  to 
sustain  the  view  taken  by  the  present  writer,  so  far  as  it  respects  the 
origin  of  the  caloric,  and  perhaps  measurably  as  it  regards  the  means 
by  which  the  heat  is  diffused  throughout  the  ashes.  They  show 
that  the  heat-retaining  power  is  not  peculiar  to  ashes,  but  is  common 
to  various  pulverulent  substances;  that  this  residue  of  combustion 
contains  an  appreciable  quantity  of  charcoal  in  a  state  of  minute 
division ;  and,  as  formerly  stated,  that  it  is  unsafe  to  deposit  hot 
ashes  upon,  perhaps,  the  largest  heaps  of  cold  ashes.  I  shall  mar- 
shal these  experiments  under  the  head  of — 

Ignitibility  of  Wood  Ashes, — 1.  A  pint  of  sifted  ashes  was  made 
into  a  conical  heap  four  inches  high,  upon  a  folded  newspaper,  and 
a  coal  lighted  at  one  corner  only,  was  laid  upon  the  summit  and 
very  slightly  covered.  In  seventeen  minutes  the  coal  was  examined 
and  found  to  be  wholly  ignited.  It  was  again  covered,  and  in 
eleven  minutes  afterward  that  part  of  the  paper  on  which  the  ashes 
rested  became  quite  warm,  and  also  the  board  beneath  it.  On  slid- 
ing the  paper  nearly  off  the  board,  and  gently  bending  it  convexly 
upwards,  I  succeeded  in  producing  a  fissure,  extending  from  the 
apex  of  the  cone  downward  to  a  considerable  depth.  By  this  means 
I  was  enabled  to  see  the  interior  of  my  diminutive  volcano,  and  to 
discover  that  the  ashes  within  were  red  hot,  if  not  incandescent,  as 
far  down  as  the  fissure  extended.  After  this  peep,  I  closed  up  the 
crater  by  sliding  the  paper  back  upon  the  board,  and  waited  an  hour 
from  the  beginning  of  the  experiment.  At  the  expiration  of  this 
period,  the  coal  was  not  wholly  consumed,  and  the  ashes  were  still 
quite  warm. 

The  coal  used  in  the  foregoing  instance  was  of  sugar- tree  wood, 
and  at  the  time  it  was  placed  upon  the  ashes,  two  other  coals,  one  of 

•  From  "  The  American  Journal  of  Science  and  Arti." 
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sugar-tree  and  the  other  of  beech,  were  thoroughly  iguited  and  laid 
upon  a  board.  In  two  minutes  the  "  fire  went  out  **  of  both  these 
coals. 

2.  A  wooden  pill-box  of  the  largest  size  was  filled  with  silled 
ashes,  and  an  oak  coal  weighing  seven  grains  was  barely  buried  in 
them.  In  thirty-five  minutes  the  box  was  very  warm  all  over;  and 
at  this  time  I  surrounded  it  with  cold  ashes.  In  twenty  minutes 
more,  the  ashes  within  and  immediately  around  the  box  were  un- 
comfortably hot. 

3.  I  renewed  the  second  experiment,  with  the  exception  of  not 
wholly  covering  the  box.  The  edge  was  left  exposed,  to  ascertain 
whether  it  would  not  act  as  a  vent  to  the  accumulating  caloric.  In 
half  an  hour  I  examined  the  coal,  and  found  it  extinct  and  the  ashes 
cold.    The  coal  in  this  case  was  of  beech. 

4.  This  beech  coal  lighted  at  one  comer,  was  placed  on  a  cone 
of  sifted  ashes,  as  in  the  first  experiment,  and  in  twenty  minutes  it 
was  thoroughly  ignited.  I  now  pressed  a  cylinder  of  paste-board 
perpendicularly  into  the  ashes,  so  as  to  include  the  coal  and  most 
of  the  heated  ashes.  The  upper  edge  of  the  cylinder  was  left  un- 
covered. I  did  not  examine  the  coal  for  an  hour;  it  was  at  that 
time  not  consumed  but  dead,  and  the  ashes  were  entirely  cold. 

5.  I  built  a  cone  of  a  quart  of  pale  ashes,  and  deposited  eight  or 
ten  dead  coals  some  distance  apart,  near  the  base  and  remote  from 
the  surface ;  at  the  apex  I  buried  a  live  coal  as  before.  In  three 
quarters  of  an  hour,  stiff  paper  or  a  splinter  of  wood  thrust  into  the 
centre  of  the  heap  took  fire ;  and  on  demolishing  the  pile,  I  found 
that  the  heat  had  descended  to  the  coals  below,  and  ignited  them ; 
indeed  they  were  partially  consumed,  and  the  whole  interior  of  the 
base  of  the  cone  was  extremely  hot. 

6.  A  wooden  box  ten  inches  deep  and  eleven  inches  square,  was 
filled  with  unsifted  ashes  as  cold  as  an  exposure  of  several  weeks  in 
winter  could  make  them.  A  pint  of  hot  ashes  was  thrown  upon  the 
middle  of  the  surface  and  left  uncovered.  In  eight  hours  all  the 
central  portion  of  the  ashes  was  hot  enough  to  fire  wood  thrust  into 
it,  and  two  sides  of  the  box  were  incalescent.  In  twenty-three  hours 
the  bottom  of  the  box  was  quite  warm,  the  top  of  the  ashes  cool,  and 
the  sides  of  the  box  were  becoming  cool.  A  stick  plunged  to  the 
bottom  of  the  ashes,  was  drawn  out  ignited  or  burnt  at  the  end,  but 
not  even  charred  above  it  In  thirty  hours  the  bottom  of  the  box 
was  almost  insupportably  hot ;  and  the  upper  half  of  the  ashes  re- 
tained but  little  heat.  In  thirty-six  hours,  the  temperature  of  the 
ashes  being  much  reduced,  I  emptied  the  box,  and  found  the  bottom 
of  it  on  the  inside  near  the  middle  converted  to  coal,  one  of  the 
sides  considerably  charred,  and  another  browned  by  the  heat.  Coals 
were  found  in  different  parts  of  the  ashes,  but  I  believe  they  were 
confined  to  those  portions  through  which  the  heat  did  not  travel. 

The  ashes  used  in  the  foregoing  and  the  subsequent  experiments, 
were  derived  from  the  mixed  combustion  of  hickory,  beech,  sugar- 
tree,  oak,  and  a  few  other  kinds  of  wood ;  and  the  sieve  employed 
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consisted  of  twenty-four  by  thirty -two  interstices  to  the  square  inch. 
To  what  cause  could  I  attribute  the  augmentation  of  heat  and  its 
downward  course,  which  the  preceding  instances  exhibit  ?  The 
plausible  answer  was  carbon.  There,  said  the  spirit  of  conjecture, 
was  tiie  fire,  burning  its  way  into  the  ashes,  and  leaving  successive 
portions  of  them  to  cool  after  it  had  consumed  the  combustible  mat- 
ter out  of  them ;  travelling  downward  like  the  Goth's  descent  upon 
Rome,  into  regions  where  its  fierceness  could  be  fed.  There,  too, 
was  the  graj/  colour  of  the  ashes,  produced,  said  conjecture,  by  the 
admixture  of  fine  carbonaceous  particles  with  the  pure  white  cineri- 
tious  matter.  To  prove  that  the  proper  colour  of  wood  ashes  is 
white,  there  lay  the  beautiful  specimen  with  gossamer  lightness  upon 
the  hearth,  the  residue  of  the  undisturbed  combustion  of  a  solitary 
ember;  showing  the  delicate  fibrous  structure  of  the  original  wood ; 
with  open  avenues  on  every  side,  and  a  thousand  apertures  within 
for  the  free  admission  of  atmospheric  oxygen  to  every  atom  of  car- 
bon; the  carbon  thus  affianced  to  oxygen  had  escaped  into  the  air, 
leaving  its  white  mansion  unshaded  by  its  pre^ience.  And  how  could 
I  better  account  for  the  various  shades  of  gray  which  ashes  present, 
than  by  supposing  them  to  arise  from  the  various  proportions  of  the 
black  powder  intermixed  P  And  then,  there  were  tne  uniform  re- 
sults of  repeated  trials  by  fire,  in  which  something  escaped  out  of 
the  contents  of  the  crucible ;  and  what  could  this  be  but  carbon  ? 
Such  was  the  language  of  imagination  before  experiment  had  fully 
uttered  its  voice.  To  strengthen  these  conclusions,!  applied  myself 
to  other  evidences ;  but  these,  to  my  disappointment,  instead  of  sup- 
porting, kicked  against  my  imaginings. 

7.  Selecting  magnesia  as  an  article  possessing  physical  properties 
somewhat  similar  to  those  of  ashes,  1  erected  a  cone  of  this  material, 
and  at  the  summit  buried  a  partially  ignited  coal.  In  a  few  minutes 
I  was  surprised  to  find  the  whole  coal  was  alive  with  fire.  Shortly 
afterwards  the  magnesia  beneath  the  coal  became  ignited,  and  the 
bottom  of  the  heap  almost  intolerably  hot 

8.  Guided  by  the  specific  gravity  and  the  compressibility  of  the 
substances  employed,  I  repeated  the  experiment  with  pulverized 
chalk  instead  of  magnesia.  The  chalk  soon  became  red  hot  be- 
neath the  coal,  and  the  base  of  the  heap  heated  beyond  endurance. 

Thus  discovering  that  these  alkaline  earths  possessed  the  same 
heat-preserving  properties  as  ashes,  and  that  the  same  downward 
centralizing  tendency  of  caloric  was  shown  in  all,  I  was  led  to  the 
conclusion  that  the  heat  eliminated  and  diffused  in  the  sifled  ashes 
was  the  result  of  the  combustion  of  the  single  coal  buried  in  them ; 
and  considering  their  low  conducting  and  radiating  power,  it  ap- 
peared probable  that  the  amount  of  heat  apparent  was  not  very  far 
from  the  absolute  Quantity  generated  during  the  combustion.  In 
every  instance,  while  the  central  parts  of  the  cones  were  red  hot,  the 
exterior  of  the  ashes,  except  at  the  apex,  was  cold  throughout  the 
experiment.  The  caloric  is  evolved  faster  than  it  is  diffused,  and  of 
course  it  accumulates  within  a  small  sphere  near  the  coal  to  an  ig- 


On  the  Property  of  Wood  Ashes,  335 

niting  temperature ;  combustible  matter  lying  at  the  circumference 
of  this  sphere  would  ignite  and  generate  another  ball  of  fire,  and 
this  produce  another,  and  so  on  indefinitely,  or  while  the  last  ignited 
spheres  reached  new  combustible  matter.  In  this  manner  I  conceive 
the  caloric  travelled  in  the  fifth  and  sixth  experiments,  and  I  see  no 
reason  why  it  should  not  under  similar  circumstances  circulate 
through  a  bed  of  ashes  spread  over  the  whole  earth. 

'  Satisfying  myself  in  this  manner  that  the  presence  of  pulverulent 
charcoal  was  not  essential  to  the  phenomenon  in  question,  I  sub- 
mitted other  powders  to  similar  trials. 

9.  Fine  sand,  scorified  wood  ashes,  anhydrous  sulphate  of  lime, 
common  earth,  all  thoroughly  dried,  &nd  the  earth  and  sulphate  re- 
duced to  subtle  powders,  were  severally  made  the  tenements  of  a 
fully  ignited  coal ;  but  in  spite  of  all  the  persuasion  I  could  com- 
mand, the  coal  refused  to  be  buried  alive  in  such  sepulchres  as  these; 
almost  as  soon  as  it  was  decently  interred  it  expired. 

During  my  inquiries  into  this  subject,  I  was  induced  to  compare 
the  physical  and  other  properties  of  various  powders.  Omitting  my 
tables  of  their  specific  gravity,  porosity,  &c.,  as  incomplete,  I  give 
the  other  results  below.  The  substances  were  dried  at  a  high  tem- 
perature, and  passed  through  the  same  sieve ;  the  force  used  in  as- 
certaining the  compressibility  was  sixty  pounds. 

The  gravity  was  determined  by  weighing  a  given  measure,  without 
compression  or  jar. 

Water,  being 1000 

Magnesia,  was 164 

Ashes 356 

Chalk  682 

Scorified  wood  ashes 910 

Plaster  of  Paris 921 

Common  eartli 1035 

Sand 1358 

CampresnbiHty. 

The  loose  measure,  being 100 

Ashes  were  reduced  in  bulk,  to 25 

Magnesia  50 

Chalk 60 

Plaster   of  Paris 69 

Common  earth 69 

Scorified  ashes 86 

Sand 88 

The  sand  could  be  shaken  into  a  less  space  than  it  could  be 
pressed  by  the  force  employed. 

Conductibility. — 1  selected  neat  paper  pill -boxes  of  uniform  size, 
colour,  &c.,  and  filled  them  evenly  and  without  jarring,  with  the 
several  powders  tested.  On  the  centre  of  the  surface,  I  carefully 
placed  very  small  squares  of  tinfoil  supporting  a  panicle  of  phos- 
phorus. Thus  prepared,  the  boxes  were  at  the  same  instant  care- 
z2 
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fully  set  upon  an  equally  heated  metallic  plate,  and  the  time  of 
fusion  and  of  deflagration  noted.  K  give,  in  the  subjoined  table, 
the  average  results  of  several  trials,  in  seconds : 


MBgn«tU. 


Aahet. 
112-267 


Soorif.aaheB.  |  Chalk.     Sand.  [(Ooal.  |  Earth.  I  Oypaam. 
125*242        i  123-293     125-242  |  77420     182'SOO  |    164-814 


Sugar. 
218-407 


When  fused,  the  phosphorus  assumed  a  hemispherical  form,  and 
delicate  vivid  lines  shot  like  lightning  from  the  margin  apparently 
across  the  semiglobules,  and  continued  thus  to  play  in  the  roost 
lively  manner  from  various  points  in  rapid  succession  until  inflam- 
mation ensued.  This  pretty  miniature  pyrotechny  can  only  be  seen 
in  the  dark. 

Hygrotnetric  Power  of  Wood  Ashes  : — One  hundred  grains  of 

dried  ashes  were  lightly  spread  over  an  area  of  sixty  square  inches, 

and  were  exposed  with  due  caution  in  the  shade  for  twenty-four 

hours,  when  the  noon  temperature  was  62°,  and  the  air  clear  and 

calm.     In  this  time  they  gained  no  weight ;  continued  exposure  for 

seventy-two  hours  enabled  them  to  gain  *d5  of  a  grain.     But  when 

the  temperature  was  near  the  freezing  point  at  noon,  they  frequently 

gained  in  eight  to  twenty-four  hours  from*66  to  1*66  of  a  grain.    A 

fine  sponge  was  converted  into  a  sensitive  hygrometer  by  saturating 

it  with  a  solution  of  carbonate  of  potash,  and  drying  it  at  170°. 

Thus  prepared  the  sponge  gained  from  thirteen  to  forty-four  per 

cent  more  than  the  ashes,  and  it  assisted  me  in  making  out  the 

following  deductions  from  eighteen  experiments  on  the  hygrometric 

properties  of  ashes.      1.  They  absorb  atmospheric  vapour  more 

rapidly  at  a  low  than  at  a  high  temperature.    2.  They  do  not  cease 

to  act  hygrometrically  at  a  temperature  considerably  below  the 

freezing  point.    3.  The  range  of  per  centage  of  increase  is  from  0 

to  1*66.    4.  Differentjparcels  of  ashes  possess  different  degrees  of 

hygrometric  power.    This  is  owing  perhaps  to  the  varying  quantity 

of  potash  present. 

Carbonaceous  Dust  m  Ashes, — It  became  interesting  to  ascertain 
how  much,  if  any  carbon,  in  a  pulverised  state,  existed  in  ashes. 
For  this  purpose  I  employed  sundry  rather  rude  methods,  now  to 
be  mentioned.  1.  By  pouring  a  sufficient  quantity  of  suphuric 
acid  on  sifted  ashes,  to  moisten  them,  mach  caloric  was  disengaged, 
and  a  white  paste  formed,  in  which  black  particles  were  very  obvious. 
These  particles  washed  and  crushed  between  the  teeth,  produced  the 

f  peculiar  sensation  of  breaking  charcoal.  On  diluting  this  paste  with  a 
arge  quantity  of  water,  a  milky  mixture  (sulphate  of  lime)  was  obtained, 
in  which  the  black  particles  rapidly  subsided.  All  the  black  sediment, 
however,  was  not  coal.  2.  One  thousand  grains  of  sifted  ashes  were 
stirred  in  a  large  quantity  of  water,  and  allowed  to  subside.  In  a 
short  time  the  insoluble  parts  settled  at  the  bottom,  and  most  of  the 
coal  with  them,  very  few  particles  of  it  floating  on  the  water.  Hence 
the  porosity  of  the  coal  must  have  been  sufficiently  destroyed  to 
render  the  fragments  specifically  heavier  than  this  fluid.  3.  The 
washed  ashes  used  in  the  foregoing  experiments,  were  examined  by  a 
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microscope,  and  particles  of  coal  clearly  seen  in  them.  Specimens 
of  well  burnt  anci  sifted  ashes  from  the  stove^  exhibited  the  same  ap- 
pearance. 4  Several  hundred  grains  of  sifted  ashes  were  treated 
with  nitric  acid,  and  after  long  digestion,  the  residue  was  washed, 
dried,  and  weighed ;  the  quantity  was  six  per  cent,  of  the  original 
weight  of  the  ashes.  Under  the  microscope  this  residue  was  found  to 
consist  of  particles  of  coal,  a  greater  proportion  of  black  vitrified 
grains,  ana  transparent  particles  which  scratched  glass,  and  appeared 
to  have  undergone  partial  fusion.  5.  One  hundred  grains  of  sifted 
ashes  were  in  like  manner  submitted  to  the  action  of  hydrochloric 
acid.  On  diluting  the  solution  with  water,  a  black  matter  was  im- 
mediately deposited  with  gray  particles  beneath  it  The  black  se- 
diment, washed  and  dried,  assumed  a  black-brown  colour,  and  weighed 
a  fraction  over  six  grains.  This  powder  scintillated  in  the  blaze  of 
a  candle  like  coal-dust ;  under  the  action  of  the  blowpipe  it  became 
gray,  but  the  principal  part  remained  unconsumed. 

Having  by  these  means  convinced  myself  of  the  presence  of  coal- 
dust  in  ashes,  it  followed  that  an  ordinary  fire  did  not  always  con- 
sume all  the  carbon  of  wood ;  and  to  arrive  at  an  approximation  to 
the  degree  of  heat  necessary  to  burn  it  out  of  ashes,  1  tried  the  next 
experiments.  6.  Sifted  ashes  were  pressed  firmly  into  a  crucible, 
and  to  expel  moisture  I  subjected  them  to  a  temperature  of  at  least 
440°  for  an  hour.  The  temperature  was  ascertained  by  the  fusion 
of  tin.  I'he  ashes  were  then  weighed^  and  subjected  to  a  red  heat 
for  half  an  hour.  On  weighing  again,  there  was  no  appreciable 
loss.  Sulphuric  acid  and  the  microscope  detected,  as  before,  parti- 
cles of  coal  in  these  cmcUmlated  ashes.  7.  Most  of  the  ashes  of  the 
last  experiment  were  placed  loosely  in  the  crucible,  and  again  heated 
to  redness  for  half  an  hour.  The  result  was  as  beforo :  no  loss  of 
weight.  8.  Intimately  mixing  thirteen  grains  of  coal-dust  with  four 
hundred  and  sixty-seven  grains  of  the  crucibulaled  ashes  of  the 
seventh  experiment,  and  pressing  them  together,  they  were  heated  to 
redness  for  a  considerable  time.  In  this  case  there  could  be  no  doubt 
of  the  presence  of  carbon ;  yet  after  cooling,  the  mixture  weighed 
just  four  hundred  and  eighty  grains,  and  consequently  had  suffered 
no  ponderable  loss.  9.  I  now  placed  the  crucible  as  it  came  from 
the  furnace  in  the  eighth  experiment  in  a  smith's  forge,  and  heated 
it  to  incandescence  for  several  minutes.  At  this  heat  the  ashes  lost 
nine  grains,  leaving  at  least  four  grains  of  the  adventitious  carbon  un- 
consumed. 10.  Four  hundred  and  eighty  grains  of  sifted  ashes,  hot 
from  the  stove,  were  put  into  the  crucible,  and  exposed  to  the  highest 
heat  of  a  smith's  forge  for  twenty  minutes.  On  cooling,  they  weighed 
only  four  hundred  and  thirty-one  grains,  having  sustained  a  loss  of 
forty-nine  grains !  The  ashes  in  the  middle  of  the  surface  were 
gray,  but  all  other  parts  throughout  were  bluish  brown,  or  blackish 
and  brown.  The  mass  was  porous,  considerably  contracted,  and 
cracked  through  the  centre  nearly  to  the  bottom  of  the  crucible ; 
it  crumbled  under  considerable  pressure,  but  retained  its  form  in 
water,    yielding  up  its  soluble  parts  without  falling  to  pieces. 
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Throughout  the  shig  v^ere  scattered  graius  of  a  beautiful  cerulean 
hue,  insoluble  in  nitric  or  sulphuric  acid,  and  exhibiting  under  the 
microscope  a  botryoidal  suriiace.  These  grains  were  evidently  the 
product  of  the  intense  heat  of  the  forge ;  and  if  we  can  suppose  a 
sufficient  quantity  of  alumine  present  in  the  ashes,  what  forbids  them 
being  hauyne  of  domestic  manufacture? 

During  this  last  crucibulation,  care  was  taken,  as  before,  to  prevent 
the  escape  of  ashes  ;  the  crucible  was  kept  erect  and  well  covered 
with  a  steel  plate,  and  every  precaution  used  to  avoid  error.  Add 
to  this  vigilance,  the  fact  that  the  ashes  did  not  occupy  more  than 
one-third  the  depth  of  the  crucible,  and  we  can  hardly  conceive  that 
reverberating  currents  of  air  from  the  bellows  could  dissipate  any  of 
the  ashes.  But  to  determine  whether  the  loss  was  attributable  to  such 
an  accident,  or  to  the  loose  state  of  the  ashes,  1  tried  experiment  11. 
Seven  hundred  and  twenty-nine  grains  of  hot,  sifted  ashes,  were 
pressed  into  the  crucible,  and  carefully  heated  in  the  forge  for  fifteen 
minutes.  The  loss  was  seventy  grains,  or  9*6+  per  cent.  The  ashes 
were  scorified,  and  presented  the  hauynoid  grains  and  every  otlier 
appearance  and  property  of  the  slag  of  the  tenth  experiment  If  no 
ashes  escaped,  how  shall  we  account  for  the  loss  of  weight  P  Is  there 
a  ponderable  element  in  ashes,  which  has  eluded  former  analyses? 
Or  did  the  intense  heat  of  the  forge  decompose  some  of  the  consti- 
tuents of  ashes,  drive  off  the  gaseous  elements,  evaporate  water  of 
composition,  and  volatilize  any  of  the  solids  P  Regarding  the  known 
constituents  of  ashes,  I  ascertained  that  in  one  specimen  of  the 
scorified  ashes  there  was  a  trace  of  caustic  lime ;  I  detected  it  in  no 
other  portion  of  the  slag.  Water  in  which  the  scorified  ashes  had 
digested  several  days,  produced  a  very  faint  white  cloud,  on  the  ad- 
dition of  oxalate  of  ammonia.  Another  portion  of  the  water  boiled 
down  exhibited  a  lively  effervescence  on  tlie  addition  of  an  acid.  The 
slag  from  the  crucible,  though  exposed  to  a  damp  atmosphere  for 
several  days,  showed  no  disposition  to  deliquesce.  The  long  di- 
gested and  thoroughly  washed  scorified  ashes  produced  abundant 
effervescence  with  nitric  acid ;  the  resulting  nitrate  had  the  peculiar 
bitterness  of  that  salt  of  lime,  and  produced  a  very  copious  white 
precipitate  with  oxalate  of  ammonia.  1  judge,  therefore,  that  but  a 
very  small  quantity  of  carbonic  acid  was  driven  off  from  the  carbo- 
nates of  lime  and  of  potash ;  not  more  perhaps  than  would  be  coun- 
terbalanced by  the  oxidation  of  the  iron  contained  in  ashes.  The 
presence  of  silica,  iron, and  a  sulphate,  were  satisfactorily  shown;  an 
accident  prevented  me  from  testing  the  presence  of  a  phosphate  or  a 
chloj'ide.  It  therefore  remains  with  me  a  moot  question,  what  occa- 
sioned the  loss  in  the  tenth  and  eleventh  experiments  P 

Since  the  publication  of  my  former  communication  on  this  subject, 
I  have  received  information  of  other  accidents  similar  to  those  re- 
ported to  this  Journal,  where  large  quantities  of  stored  ashes  had 
become  extensively  heated,  and  sometimes  the  wooden  repository  in- 
flamed. Ill  several  instances  it  was  known  that  hot  ashes  had  been 
thrown  upon  the  heap,  under  the  impression  that  there  was  as  much 
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safety  iu  doiug  so,  as  in  depositing  tbem  unon  (he  ground  remote 
from  combustible  matter.  What  part  the  small  portion  o^ pulverulent 
coaJ  may  perform  in  the  propagation  of  the  fire,  I  am  not  prepared 
to  say.  That  coal  in  some  degree  of  comminution  is  necessary  to 
the  passage  of  caloric  from  one  part  of  the  mass  to  another  I  am  con- 
vinced ;  and  that  the  charcoal  in  some  state  of  division  exists  in  most 
wood  ashes,  is  easily  proved  by  the  use  of  a  coarse  sieve,  to  say  no> 
thing  of  the  large  coals  generally  apparent,  and  especially  as  they 
float  upon  the  water  of  the  leech-tub.  It  may  here  be  asked,  if  this 
combustible  material  is  thus  distributed  through  the  ashes,  why  does 
not  the  fire  always  diffuse  itself  equally  in  the  heap,  instead  of 
pursuing  a  devious  path  through  it?  What  contingencies  may 
direct  its  course,  1  do  not  know ;  but  nothing  more  happens  here 
than  happens  to  a  piece  of  paper  inflamed  at  its  edge ;  it  seldom 
consumes  equally,  but  the  combustion  proceeds  in  very  uncertain 
directions. 
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Specification  of  a  patent  granted  to  Arthur  Wall,  of  Shadwell, 
Great  Britain,  for  a  composition  for  preventing  Corrosion  in 
Metals,  June  22nd,  1841. 

Be  it  known  that  I  Arthur  Wall,  of  Shadwell,  in  the  county  of 
Middlesex,  in  that  part  of  the  kingdom  of  Great  Britain,  called 
England,  surgeon,  have  invented  a  new  composition  for  the  preven- 
tion of  corrosion  in  metals  ;  and  I  do  hereby  declare  that  the  follow- 
ing is  a  full  and  exact  description  of  it.     To  enable  others  skilled  in 
the  art  to  use  my  invention,  I  will  proceed  to  describe  the  mode  of 
manufacturing  the  same,  and  the  application  thereof.     I  place  twenty 
pounds  of  the  strongest  muriatic  acid,  diluted  with  three  gallons  of 
water,  in  a  shallow  pan,  or  vessel,  made  of  cast  iron.     I  then  take 
112  pounds  of  filings  of  either  steel  or  bar  iron,  or  other  wrought 
iron ;  1  heat  them  to  redness  and  throw  them  into  the  mixture  of 
acid  and  water,  for  the  purpose  of  oxidizing  the  filings.     I  tlieu 
place  the  pan  on  a  sand  bath  (heated  by  a  flue  from  a  furnace), 
which  digests  the  filings,  and  &cilltates  the  oxidation.     I  repeatedly 
stir  up  the  whole,  and  after  subjecting  them  to  this  process  for  about 
twenty-four  hours,  or  until  ebullition  takes  place,  and  the  greater 
part  of  the  filings  are  taken  up  by  the  liquor,  or  mixture,  I  aUow  the 
oxides  thus  obtained  to  run  off  dirough  a  tap  into  a  vessel  beneath, 
leaving  the  metal  not  operated  upon  at  the  bottom.     When  these 
oxides  are  quite  settled,  the  clear  mixture  or  liquor  is  run  off  from 
them  into  a  third  vessel,  and  then  the  filings  must  be  subjected  to 
the  same  process  in  the  original  mixture  to  complete  the  oxidation, 
(that  is)  they  must  be  again  made  red  hot,  and  the  mixture  which 
has  run  into  the  third  vessel  thrown  upon  them,  and  this  process 
must  be  repeated  until  all  the  filings  have  oxidized  that  can  b^  made 


340  New  Patents,  S^c. 

to  do  so.  The  oxides  thus  obtained  I  now  expose  on  an  iron  plate, 
made  red  hot  over  a  furnace,  until  all  moisture  has  evaporated 
from  them,  and  they  assume  a  red  appearance.  I  then  mix  with 
them  sixteen  pounds  of  quicksilver,  by  sifting  it  through  a  very  fine 
wire  sieve  on  to  the  oxides,  and  afterwards  I  intimately  mix  it  with 
them  by  rubbing  the  whole  down  in  a  mortar,  or  other  suitable 
process,  and  when  so  mixed  I  then  add  as  much  water  as  will 
cover  the  surface,  and  from  eight  to  nine  pounds  of  strong  nitric,  or 
nitrous,  acid,  and  again  place  the  whole  on  the  furnace  plate,  or  iron 
bath,  and  repeatedly  stir  it  until  all  the  menstrum,  or  liquor,  has 
nearly,  or  completely,  evaporated.  I  then  place  the  whole  mass  in 
a  mortar,  or  other  pounding  machine,  and  bray  or  pound  it  until  it 
is  in  a  complete  state  of  blackness.  1  then  mix  it  with  water,  and 
stir  or  wash  it  mitil  all  the  light  particles  are  washed  out.  I 
then  allow  it  to  settle,  and  when  the  settlement  has  taken  place, 
the  water  is  poured  off  from  the  sediment  at  the  bottom.  This 
sediment  I  then  place  in  a  crucible,  or  earthen  retort,  with  a  re- 
ceiver attached,  adapted  for  the  reception  of  any  chloride  or  mer- 
cury that  may  escape  or  come  over  (the  contents  of  this  receiver  I 
preserve,  in  order  to  re-add  to  the  general  mass  afterwards,  when 
cool) ;  then  I  make  it  red  hot,  and  when  in  this  state  I  plunge  it 
into  fresh  boiling  water,  and  stir  it  for  a  few  minutes,  and  then  idlow 
it  to  settle.  I  then  pour  the  water  off,  let  it  cool,  and  add  the  chlo- 
ride as  before  stated ;  and  after  the  last  mentioned  process  I  add  to 
it  one  quarter  of  its  own  weight  of  common  black  lead,  or  minium, 
commonly  called  "  red  lead,"  according  to  the  colour  which  the 
operator  wishes  the  composition  to  assume.  Previously  to  applying 
this  composition  to  metal,  I  add  to  it  such  a  quantity  of  b^ed 
linseed  oil  and  spirit  of  turpentine  (in  the  proportion  of  one-fifth  of 
of  spirit  of  turpentine,  to  the  oil  used),  as  will  reduce  it  to  a  state 
sufficiently  liquid  to  be  spread  with  a  brush.  This  preparation  I 
then  apply  as  thinly  as  possible,  by  means  of  a  brush,  to  sheets  of 
copper  or  other  metal ;  which  sheets  I  afterwards  subject  to  a  heat 
gradually  raised  to  about  300  degrees  of  Fahrenheit's  Uiermometer, 
so  as  to  make  the  metal  imbibe  the  preparation :  this  heat  must  be  ap- 
plied to  the  prepared  sheets  of  metal,  without  smoke  or  fiame,  by  plac- 
ing the  sheets  on  trucks  in  contact  with  the  flue  plates,  in  the  manner 
hereinafter  described.  The  mode  of  applying  this  heat  may  be  vari- 
ous, but  in  order  the  more  distinctly  to  explain  my  meaning,  and 
likewise  my  mode  of  operating,  I  shall  now  proceed  to  describe 
the  furnace  which  I  use,  and  filnd  to  answer  the  purpose.  I  erect 
two  or  more  horizontal  flues,  the  construction  and  dimensions  of 
which  may  be  varied  according  to  circumstances,  which  flues  should 
gradually  decline  towards  the  extreme  end  from  the  furnace  bars,  so  as 
to  produce  a  good  draught  and  communicate  a  stronger  heat  to  the 
plates  above  next  mentioned.  The  flues  I  cover  with  cast  iron 
plates.  I  then  raise  the  exterior  walls  of  the  furnace  to  the  height 
of  from  about  three  to  six  feet  above  the  iron  plates,  which  walls 
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must  be  bound  with  iron  braces  to  prevent  tbem  from  cracking  from 
the  excessive  heat*  I  then  place  thin  sheets  of  iron  slightly  curvedi 
thus  forming  a  roof,  and  rest  them  on  the  exterior  wall.  Each  end 
of  the  chamber  (thus  formed)  is  closed  by  an  iron  plate,  made  to  slide 
up  and  down  by  a  pulley,  so  as  to  act  as  a  damper,  and  let  out  or 
confine  the  heat.  The  heat  from  the  flues  is  carried  away  by  a  com- 
mon chimney,  which  has  a  damper  in  it  for  the  pmrpose  of  controll- 
ing the  heat.  The  sheets  of  metal  prepared  with  the  composition 
as  above  described,  are  thus  placed  upon  iron  trucks,  between 
upright  pins  which  run  on  wheels  of  four  inches  in  diameter,  and 
are  Uius  placed  over  the  iron  plates  made  hot  by  the  flues  ;  the  heat 
must  be  gradually  applied  to  prevent  the  composition  from  blistering 
on  the  metal,  by  the  trucks  being  first  placed  at  the  extreme  end  from 
the  furnace  bars  and  gradually  rolled  over  the  flue  till  evaporation 
ceases,  and  the  metal  assumes  a  dark  appearance :  this  completes 
the  operation.  When  preparing  iron  tanks  with  the  composition,  1 
apply  the  furnace  heat  merely  sufficient  at  first  to  expel  the  moisture 
from  the  metal,  and  when  in  that  state  I  take  them  out  and  sprinkle 
over  them  as  much  diarcoal,  very  finely  pounded,  as  will  be  absorbed 
by  the  metal,  which  gives  to  the  metal,  when  prepared,  a  glossy  ap- 
pearance. I  then  apply  the  stnmger  heat,  and  the  operation  is 
completed. 

Now,  I  do  not  claim  as  any  part  of  my  said  invention  any  of  the 
separate  processes,  or  the  use  of  any  vessels  or  furnaces.  But  what 
I  do  claim  as  my  invention,  and  desire  to  secure  by  letters  patent,  is 
the  composition  prepared  as  above  described,  for  the  prevention  of 
corrosion  in  metals  and  for  other  purposes. 


SpeeificatUm  of  the  Patent  granted  to  Henrt  Browne,  of  Codnor 
Park  Iron  Works,  in  the  County  of  Derby ,  Iron  Manufacturer, 
for  Improvements  in  the  Manufacture  of  SteeL  Sealed  April  22, 
1841.*  ' 

To  all  to  whom  these  presents  shall  come,  &c.,  &c.  My  inven- 
tion relates  to  a  mode  of  manufacturing  steel  from  iron,  by  obtain- 
ing the  iron  in  a  fine  granulated  state,  and  then  treating  it  with 
cementation  with  carbon,  as  hereafter  described  ;  and  in  order  that 
my  invention  may  be  fully  understood,  and  readily  carried  into 
efiiect,  I  will  proceed  to  describe  the  means  pursued  by  me.  In 
working  according  to  my  invention,  the  crude,  or  pig,  or  refined 
metal,  is  to  be  treated  as  if  about  to  be  made  into  bar  or  malleable 
iron,  by  the  purifying  and  decarbonizing  process  of  puddling  :  that 
is,  by  stirring  the  melted  mass  in  the  furnace  with  iron  tools,  and 
exposing  it  to  the  action  of  the  heated  air,  as  usually  practised, 
until  the  metal  becomes  in  a  dry  granulated  state,  all  of  which  is 
weH  understood  by  puddlers ;  and  in  place  of  canying  on  the  pro- 

*  **  Report  of  Patent  InventioBs." 
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cess  further  in  the  puddling  furnace,  the  iron,  in  the  granulated 
state,  is  to  he  removed  from  the  furnace,  and  Trhen  cold,  a  large 
proportion  may  be  passed  through  sieves,  the  meshes  of  which  are 
about  twenty  in  an  inch,  and  the  remainder  may  be  crushed  or 
ground,  until  the  grains  will  pass  through  the  same  sieve,  or  the 
various  sized  grains  may  be  separated  by  various  sieves,  differing  in 
the  size  of  the  mesh  according  to  the  will  of  the  operator ;  but  I 
consider  that  the  smaller  the  grains,  the  more  advantageously  will 
the  process  of  manufacturing  steel  therefrom  be  carried  on ;  and  it 
is  the  converting  of  granulated  iron,  such  as  above  described,  into 
steel,  by  cementation  with  carbon,  that  constitutes  my  invention. 

The  granulated  iron  is  next  submitted  to  cementation,  which  I 
perform  in  the  following  manner : — I  use  an  ordinary  cementing, 
or  converting  furnace,  the  nature  of  which  is  well  known,  and  the 
cementing  chests,  or  what  are  usually  called  pots,  are  about  ten  feet 
long,  three  feet  wide,  and  tliree  feet  deep  ;  but  tiie  dimensions  may 
be  varied.     I  prepare  a  number  of  frames  of  iron  or  wood — I  pre- 
fer wood,  and  that  which  is  caUed  pine — an  inch  or  two  less  in  length 
and  breadth,  so  that  they  will  pass  easily  into  the  pots  ;  the  frame, 
made  of  wood,  about  a  quarter  of  an  inch  thick,  and  one  inch  deep, 
and  divided  by  wood  partitions,  at  distances  of  about  every  ten  or 
twelve  inches.     The  carbon  I  prefer  to  use  is  wood  charcoal,  crushed 
and  passed  tlirough  a  sieve,  the  meshes  of  which  may  be  about  one 
quarter  of  an  inch  square,  though  other  carbon  may  be  used.     I 
place  a  quantity  of  the  charcoal,  to  the  extent  of  about  half  an  inch 
in  thickness,  over  the  bottom  of  the  pot ;  and  this  I  cover  with 
paper,  or  other  suitable  substance,  on  which  I  place  one  of  the  wood 
frames,   and  fill  the  compartments  thereof  with   granulated  iron, 
before  described.     On  the  surface  of  the  granulated  iron  I  place 
another  covering  of  paper,  and  apply  more  charcoal,  and  press  it 
into  all  the  spaces  between  the  frames  and  the  sides  of  the  pot ;  and 
I  cover  the  paper  evenly  to  the  extent  of  half  an  inch ;  I  then  apply 
another  thickness  of  paper,  then  another  frame,  which  I  fill  with 
granulated  iron,  as  before,  and  cover  it  with  paper ;  then  charcoal, 
then  paper,  and  then  another  frame  ;  and  so  on  until  the  pot  is  full, 
having  charcoal  on  the  top  to  the  extent  of  three  or  four  inches 
deep ;    I  then  cover  the  whole  close  down  with  loam  sand,   or 
*'  swarf,''  from  a  cutler's  grinding-mill,  or  other  suitable  substance, 
to  exclude  the  air,  tempered  and  spread  over  the  top  of  the  pot  to 
the  thickness  of  five  or  six  inches.     I  now  heat  the  furnace  to  a  high 
heat,  as  is  well  imderstood  by  steel  manufacturers,  and  let  the  pot 
and  its  contents  remain  at  that  heat  for  a  sufficient  time,  which  I 
find  to  be  from  thirty  to  sixty  hours.     The  time  and  heat  may  be 
varied,  according  to  Uie  state  of  carbonization  required.     The  pot 
and  its  contents  are  to  remain  until  cool,  and  when  opened  the 
steel  will  be  formed  into  cakes  of  the  size  of  the  compartments  in 
the  frames,  and  may  be  removed  ;  the  charcoal  and  paper  may  be 
brushed  off.     The  steel  thus  produced  is  then  broken  into  pieces, 
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and  melted  in  the  usual  manner,  in  crucibles.  The  high  or  low 
state  of  carbonization  may  be  judged  of  by  the  colour,  which  will 
vary  from  blue  to  purple,  straw  colour,  and  grey ;  that  which  is 
blue  having  less  carbon,  and  is  less  firmly  united  together ;  and 
that  which  is  grey,  and  more  united,  is  charged  in  a  higher  degree 
with  carbon.  The  quantity  and  hardness  of  the  steel  may  be 
varied  by  a  judicious  selection  of  the  cemented  steel,  so  as  to 
adapt  it  to  the  purposes  to  which  it  has  to  be  applied. 


Specification  of  the  Patent  granted  to  John  Bethell,  of  Saint 
John*s  Hill^  Wandsworth^  in  the  county  of  Surrey,  for  Improve^ 
ments  in  Treating  and  Preparing  certain  Oils  and  Fatty  Matters. 
Sealed  March  28,  1840.* 

To  all  to  whom  these  presents  shall  come,  &c.,  &c.  The  object 
of  my  invention,  so  far  as  relates  to  improvements  in  treating  and 
preparing  oils,  is  to  render  certain  oils,  viz. :  whale,  elephant  whale, 
Newfoundland  whale,  seal,  rapeseed,  teel,  olive,  palm,  cocoa-nut,  or 
any  of  the  other  common  oils,  more  useful,  either  for  lubricating 
machinery,  or  for  the  purpose  of  illumination,  and  which  I  effect, 
first,  by  separating,  clarifying,  or  precipitating,  a  portion  of  the  gela- 
tinous, albuminous,  or  other  matters  contained  therein  ;  and,  secondly 
(when  such  are  required  for  burning  in  lamps,  or  for  illumination), 
by  adding  thereto  a  portion  of  hydrocarbon,  or  essential  oils,  here- 
inafter named  ;  and  as  regards  the  treating  and  preparing  of  certain 
fatty  matters,  the  object  of  my  invention  is  the  manner  in  which  I 
have  hereinafter  described,  from  butter  of  palm,  cocoa-nut  oil,  or  any 
other  vegetable  concrete  oil,  produced  an  oil  which  is  more  useful  for 
mixing  my  purified  oils,  and  which  process  also  improves  the  fatty 
matter,  or  concrete  oil,  so  operated  upon,  and  which  improvements 
I  propose  to  carry  into  effect,  in  manner  hereinafter  described ;  that 
is  to  say — as  to  that  part  of  the  invention  which  relates  to  oils : — 

First  Process, — I  take  any  or  either  of  the  common  oils  above 
named,  and  I  purify  them  from  the  gelatinous,  albuminous,  and  other 
matters  contained  therein,  by  first  thoroughly  well  mixing  the  oil 
with  a  solution  of  tannin,  which  may  be  obtained  from  any  of  tlie 
vegetable  matters  yielding  it ;  but  I  prefer  using  a  strong  infusion 
of  gall-nuts  in  hot  water,  of  which  I  take  ten  gallons,  and  thoroughly 
mix  it  with  100  gallons  of  oil,  in  any  convenient  manner.  This 
mixture  must  afterwards  be  allowed  to  rest  for  three  or  four  days, 
until  all  the  tannin  infusion,  and  precipitated  matter,  has  settled  down 
to  the  bottom.  The  clear  supematent  oil  is  then  drawn  off,  and 
again  agitated  and  mixed  with  a  solution  of  either  acetate  of  lead, 
acetate  ofalumine,  or  sulphate  of  zinc,  which  I  prefer  using  in  the 
following  proportions — viz. :  1  lb.  of  acetate  of  lead  dissolved  in  6 
gallons  of  water,  or  1  lb.  of  acetate  of  alumine  dissolved  in  4  gal- 
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Ions  of  water,  or  1  lb.  of  sulphate  of  zinc  dinolved  in  6  gallons  6[ 
water;  and  I  mix  10  gallons  of  either  of  such  solutions  with  100 
gallons  of  oil;  but  I  do  not  confine  myself  to  these  proportions,  as 
solutions  of  different  strengths  can  be  advantageously  used  for  dif- 
ferent oils.  The  oU,  after  three  or  four  days'  rest,  is  drawn  off  from 
the  top,  and,  if  not  sufficiently  clear,  must  be  filtered  through  oil* 
bags  in  the  usual  manner.  During  the  period  that  the  oil  is  under- 
going the  above  operations,  I  prefer  that  it  be  kept  at  a  tempera- 
ture as  near  17°  Fahrenheit  as  possible.  Should  the  oil  be  afterwards 
found  to  contain  too  much  water,  I  cause  it  to  be  agitated  with 
about  10  per  cent,  of  fresh  calcined  sulphate  of  lime,  in  fine  powder, 
or  well  dried  carbonate  of  soda,  to  abstract  the  greater  part  of  the 
water  from  it.  The  sulphate  of  lime,  or  soda,  must  be  allowed  to 
precipitate  by  rest,  or  the  oil  must  be  filtered  through  bags. 

Second  Process, — I  take  the  oil  as  purified  by  my  first  process,  or 
I  take  the  more  fiuid  parts  of  cocoa-nut  or  palm-oil,  and  for  the 
purpose  of  making  a  good  burning  lamp -oil,  I  add  thereto  from  5  to 
10  per  cent  of  eiSier  of  the  following  essential  oils,  or  hydrocarbons 
— ^viz. :  petroleum,  or  rock-oil,  Persian  naptha,  fine  oil  of  turpen- 
tine, or  the  best  essential  oil,  obtained  from  the  distillation  of  coal- 
tar,, or  the  oil  obtained,  as  hereinafter  described,  by  distilling  any  of 
the  above  essential  oils  with  palm  or  cocoa-nut  oil ;  the  quantity  to  be 
added  depends  on  the  kind  of  oil  operated  upon,  and  upon  its 
strength,  and  will  vary  between  5  and  10  per  cent.,  but  will  be 
easily  ascertained  by  trying  a  small  sample  of  the  oil  first.  The 
essential  oil,  or  hydrocarbon,  must  be  intimately  combined  with  the 
oil,  either  by  thorough  agitation  together,  or  by  passing  the  vapour 
of  the  essential  oil,  or  hydrocarbon,  into  the  oil  in  an  apparatus  simi- 
lar to  a  Wolfe's  apparatus,  but  the  former  method  I  prefer  for  gene- 
ral use.  In  some  cases,  either  from  the  oils  operated  upon  being  of 
a  superior  quality,  or  from  so  fine  an  article  not  being  required,  it  is 
not  necessary  to  use  both  the  above  processes,  as  either  of  them  will 
be  found  sufficient  for  the  purpose  required.  If  a  superior  burning 
lamp-oil  is  required,  I  prefer  using  both  of  the  above  processes ;  but 
for  a  common  lamp-oil,  the  oil  may  be  prepared  by  either  one  of  the 
above  processes,  without  being  submitted  to  the  other,  particularly 
when  it  is  prepared  by  the  second  process  only  ;  and  for  a  lubrica- 
ting oil  the  first  process  only  is  used.  As  to  the  treating  and  pre- 
paring fatty  matters,  I  take  the  '*  butter  of  palm,"  or  "  rough  palm- 
oil,"  or  "rough  cocoa-nut  oil,"  or  any  other  concrete  vegetable  oil, 
and  add  to  ei&er  of  these  20  per  cent  of  either  of  the  essential  oils 
above  named.  Put  it  into  a  common  still,  and  distil  off  the  essential 
oil,  and  the  volatile  matter  which  rises  from  the  palm,  or  cocoa-nut 
oil;  but  I  prefer  distilling  with  steam,  and  for  diat  purpose  I  put 
the  mixture  into  a  close  wood-vat,  furnished  with  a  steam  pipe,  lead- 
ing from  a  steam  boiler,  and  branching  out  into  several  other  pipes, 
placed  in  the  bottom  of  the  vat,  and  pierced  with  small  holes ;  the 
charging-hole  of  the  vat  being  shut,  steam  is  driven  through  the 
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mass,  and  the  yoladle  products  are  conducted  through  a  pipe  fixed 
in  the  top  of  the  yat,  to  a  common  distilling-worm  placed  in  cold 
water.  The  YoUtile  oil  so  condensed  I  mix  with  the  oils  for  burn- 
ing in  lamps,  as  above  mentioned,  and  the  concrete  fatty  matter  re- 
maining in  the  yat  is  run  out  into  casks,  and  will  be  found  much 
improved,  and  more  useful  for  many  purposes. 

In  describing  m j  improvements,  I  have  stated  the  proportions  of 
the  different  materials  to  be  used  which  I  prefer ;  but  I  do  not  con- 
fine myself  to  such  proportions,  as  they  may  be  advantageously 
varied  with  different  oils. 


Specification  of  a  Patent  panted  to  Alexander  Parkes,  of  Bir- 
mmgkam,  Artist,  for  certain  Improvements  in  the  production  of 
Works  of  Art,  hy  Electric  Deposition.    September  29, 1841.* 

These  improvements  consist  in  manufacturing  articles  in  gold  or 
silver  by  means  of  electric  deposition  upon  suitable  moulds,  and  in 
subsequently  strengthening  the  articles  so  produced. 

For  this  purpose  the  patentee  uses  the  following  solutions  of 
these  metals : — 

Gold. — An  ounce  of  pure  gold  is  dissolved  in  aqua  regia,  and 
evaporated  to  dryness,  when  2  gallons  of  water,  and  16  ounces  of 
prussiate  of  potash,  are  added  to  it.  This  solution  is  used  at  a  tem- 
perature of  120^  or  130^of  Fahr. 

Silver. — An  ounce  of  pure  silver,  dissolved  in  nitric  acid,  is  preci- 
pitated as  oxide  of  silver,  by  lime  water;  the  oxide  being  well 
washed,  is  mixed  with  one  pound  of  prussiate  of  potash  in  two 
gallons  of  water. 

The  moulds  used  for  this  purpose  are  of  metal,  or  other  suitable 
materia],  in  one  or  more  parts,  and  may  be  removed  from  the 
finished  article  by  melting  or  dissolving  them. 

The  patentee  prefers  to  use  the  compound,  or  independent  bat- 
tery, from  which  the  electric  current  is  conveyed  from  the  battery 
into  a  cell,  or  vessel,  containing  the  metallic  solution,  and  a  plate  of 
gold  or  silver,  to  be  eroded  by  the  electric  action. 

If  the  metal  is  to  be  precipitated  on  the  interior  of  a  mould,  as  in 
forming  a  bnst,&c.,  the  plate  is  placed  within  the  mould;  but  if  the 
metal  is  to  be  deposited  on  the  external  surface  of  the  mould,  the 
plate  is  placed  on  the  outside  thereof. 

If  the  article  produced  requires  greater  strength  than  would  be 
desirable  to  be  given  by  the  thickness  of  the  precious  metals,  it  may 
be  strengthened  by  depositing  copper  within  it,  until  the  required 
substance  is  obtained ;  or  the  article  may  be  filled  with  some  fusible 
metal. 

The  claim  is  1.  To  the  mode  of  manufacturing  articles  in  gold 
and  silver,  by  deposition  thereof  by  electric  agency,  in  or  on 
suitable  moulds  ar  models,  which  may  be  removed  from  the  articles 
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of  gold  or  silver,  when  tbe  same  have  been  formed.  2.  To  the  mode 
of  manufacturing  articles  of  gold  or  silver,  on  or  in  metal  moulds  or 
models,  which  are  deposited  by  electric  means ;  such  moulds  or 
models  being  afterwards  removed  as  described.  3.  To  the  mode 
of  manufacturing  articles  of  gold  or  silver,  by  electric  deposition,  on 
or  in  moulds  or  models,  when  such  moulds  or  models  are  removed 
by  heat  or  solution.  4.  To  the  mode  of  manufacturing  articles  of 
gold  or  silver,  by  electric  deposition,  in  or  on  moulds  or  models 
made  up  of  parts.  5,  To  the  mode  of  strengthening  articles  of  gold 
or  silver,  produced  in  or  on  moulds,  by  electric  depositions,  by  in- 
troducing a  baser  metal  within  them. 


For  an  Improved  Mode  of  Block  Printing  on  various  kinds  of  Fabrics^ 
and  for  ApparatuSf  S^c,  for  that  purpose  ;  Robert  Hampson, 
Manchester^  June  7,  1841. 

The  printing  block  is  attached  to  a  cross  frame,  which  slides  on 
straight  edges  at  the  four  corners  of  the  main  frame,  and  has  a  rod 
attached  to  its  middle  that  slides  through  a  hole  made  in  a  set  of 
arms  at  the  top  of  a  main  frame.  To  the  upper  end  of  the  rod  there 
is  a  band  attached,  which  passes  over  two  puUeys,  and  has  appended 
to  it  a  counter  weight,  to  balance  the  whole. 

The  fabric  to  be  printed  is  drawn  through  the  machine,  and  over 
the  bed  on  which  it  rests,  to  receive  the  impression,  which  is  given 
hy  means  of  blocks,  in  a  manner  well  known  to  machinists.  The 
colours  are  so  arranged  in  separate  sieves  as  that  they  can  be  drawn 
apart  to  receive  new  colours,  and  then  hrought  together  again  to 
apply  the  colours  to  the  block  ;  the  sets  of  sieves  are  placed  upon  a 
platform  provided  with  wheels,  running  on  rails.  The  platform, 
Mrith  the  colours,  is  passed  under  the  block,  which  is  then  let  down  to 
receive  that  which  is  wanted.  The  sieve  is  then  drawn  away,  and 
the  block  descends  upon  the  fabric,  to  impress  the  pattern ;  and  the 
operation  is  in  this  manner  repeated. 

Claim. — "  I  declare  that  I  claim  as  of  my  invention  the  apparatus, 
or  machinery,  constructed  as  set  forth,  for  printing  with  blocks  on 
woven  fabrics  of  various  kinds  :  that  is  to  say,  I  claim  the  combin- 
ing of  a  block  for  printing  in  various  colours  with  the  apparatus,  or 
mechanical  agents  for  causing  said  block  to  descend  in  a  perpendicu- 
lar direction  in  order  to  take  up  the  colour  from  the  sieve,  or 
sieves,  and  to  impress  the  pattern,  or  design,  upon  the  fabric ;  said 
apparatus,  or  mechanical  agents  consbting  of  the  cross  frame,  the 
arms,  the  straight  edges  at  the  comers  of  the  main  frame,  the  rod, 
the  band,  and  counter  weight,  with  their  appendages ;  the  whole 
being  so  connected  as  that  by  raising  the  counter  weight  the  cross 
frame  and  block  will  descend,  and  the  colour  be  received  on  the 
block,  or  the  impression  given  to  the  fabric ;  and  I  claim  the  same 
however  the  same  mechanical  agents  and  contrivances  may  be  modi- 
fied or  varied  in  slze^  form,  proportion,  or  other  particulars,  not 
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departing  from  the  principle  of  my  invention ;  but  I  do  not  claim 
as  my  invention  such  mechanical  agents,  or  contrivances,  separately, 
but  only  as  combined  to  effect  the  purpose  aforesaid  ;  nor  do  I  claim 
as  part  of  my  said  invention  the  apparatus  hereinbefore  described  for 
traversing  the  colouring  apparatus  to  and  fro,  by  means  of  a  railway 
carriage  running  thereon — ^the  same  although  invented  by  me,  having 
been  by  me  used  and  practised  previous  to  the  grant  of  the  said 
letters  patent ;  nor  do  I  claim  as  of  my  invention  the  arrangement 
of  rollers  and  connected  apparatus  for  causing  the  fabric  to  traverse, 
or  be  drawn  over,  the  printing  table,  and  conveyed  away  when  printed. 
And  I  further  declare  that  I  claim  as  of  my  invention  such  colour- 
ing apparatus  as  hereinbefore  described,  in  which  several  sieves  are 
separated  and  held  apart,  to  admit  of  the  several  colours  being  dis- 
tributed and  traced,  or  spread  thereon,  without  admixture  or  inter- 
ference one  with  another,  and  whereby  the  sieves  are  afterwards 
closed,  or  brought  into  juxtaposition,  in  order  to  the  colours  being 
taken  up  by  the  block,  so  as  to  produce  at  one  impression  of  the 
block,  or  pattern,  or  design,  or  parts  of  a  pattern  or  design,  in 
several  colours,  arranged  contiguous,  or  near  to  each  other,  as  here- 
inbefore described ;  and  which  colouring  apparatus  I  claim,  whether 
the  same  be  used  in  conjunction  with  the  machinery  before  des- 
cribed, or  with  the  common  hand  block,  or  otherwise,  and  under 
whatever  other  modification." 


Fabrication  of  Gas  for  lighting  from  Soap-suds  employed  in  cleansing 

Stuffs.     By  M.  HouzEAu  Muiron.* 

A  FEW  years  ago,  the  immense  quantity  of  soap-suds  employed 
in  the  city  of  Rheims,  in  preparing  woollen  stuffs  was  entirely  lost. 
M.  Houzeau  Muiron  conceived  the  idea  of  extracting  from  them 
the  fatty  matter,  and  of  making  an  important  application  thereof. 
In  fact,  by  submitting  them  to  a  regular  purification,  he  has  ob- 
tained a  limpid  oil,  with  which  he  succeeds  in  preparing  the  soaps 
in  demand  in  commerce,  while  the  residue  of  this  purification  serves 
for  the  advantageous  production  of  a  gas  for  lighting  a  part  of  the 
city. 

The  soap-suds  collected  in  the  shops,  where  they  have  become 
saturated  with  grease  and  the  impurities  of  the  tissues,  are  poured 
together  into  a  large  basin  which  is  capable  of  containing  about 
3,000  gallons.  To  decompose  them,  there  is  poured  upon  them 
308  pounds  of  muriatic  acid,  or  154  pounds  of  sulphuric  acid,  first 
diluted  with  its  own  weight  of  water,  and  the  mass  is  rapidly  agi- 
tated until  the  decomposition  is  complete. 

Shortly  afterwards  a  froth  is  seen  to  form,  which  at  the  end  of 
twelve  or  eighteen  hours  is  sufficientiy  well  separated  from  the  water 

*  ''  Jour,  de  Pharm.  et  de  Chim.,"  May,  1842. 
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upon  which  it  floats.  Four-fifths  of  this  water  is  then  run  off,  con- 
taining about  one  per  cent,  of  sulphate  of  potassa,  which  is  utilized 
either  by  evaporating  it  in  drying-houses,  or  by  running  it  off  upon 
dry  earth  exposed  to  the  air,  which,  when  sufficiently  charged  with 
the  salt,  is  washed.  Directly  after  this  operation,  the  basin  is  filled 
again  with  a  fresh  portion  of  soap-suds,  which  fioat  the  fatty  matter 
and  permit  it  to  be  run  off  into  a  side  tub.  The  product  obtained  is 
a  mixture  of  imaltered  oil,  the  acids,  animal  matters,  and  a  large 
quantity  of  water  which  forms  with  them  a  species  of  hydrate.  This 
water  is  disengaged  by  injecting  several  times  into  the  mass  a  cur- 
rent of  steam,  which  heats  it  and  facilitates  its  evaporation.  The 
fatty  matter  is  then  run  off  into  a  boiler,  where  it  is  submitted  to  a 
rapid  ebullition,  aided  by  continual  agitation,  which  drives  off  the 
last  portions  of  water.  The  product  contains  twenty  or  twenty-five 
per  cent,  of  impure  matters  which  colour  it  and  render  it  turbid. 
To  purify  it,  it  is  poured  into  basins  of  copper  and  mixed  with  two 
per  cent,  of  concentrated  sulphuric  acid.  After  two  days  the  limpid 
oil  comes  to  the  surface,  while  the  impurities  are  precipitated  to  the 
bottom. 

The  oil  is  carefully  separated,  and  the  deposit,  when  filtered 
through  cloths  in  a  press,  gives  still  a  large  quantity  of  oily  products, 
which  are  added  to  the  preceding  and  made  into  soap  by  treating 
them  with  conmion  soda. 

The  residuum  is  black  and  very  thick  ;  from  it  M.  Houzeau  pro- 
duces the  gas  for  lighting,  but  before  introducing  it  into  the  retort, 
he  liquifies  it  by  means  of  the  empyreumatic  oil  obtained  in  the  pre- 
ceding operation. 

The  gas  thus  prepared  is  purified  by  lime,  and  the  water  from 
the  washing  contains  sufficient  cyanide  of  calcium  for  the  prepara- 
tion of  Prussian  blue  from  it  by  treating  it  with  sulphate  of  iron 
and  washing  the  precipitate  with  muriatic  acid. 

This  gas  possesses  a  considerable  lighting  power,  and  in  order  to 
apply  it  to  the  lighting  of  the  establishments  scattered  throughout 
the  city  of  Rheims,  M.  Houzeau  has  contrived  a  manner  of  trans- 
porting it,  at  the  same  time  simple,  economical  and  free  from 
danger. 


On  the  Want  of  Identity  between  Microlite  and  Pyroehlore.  By 
Chable&  Upham  Shepard,  M.D.,  Prof.  Chem.  in  the  Medical 
College  of  the  State  of  South  Carolina.* 

Prof.  Silliman  having  apprised  me  on  my  recent  arrival  in 
town,  that  a  paper  was  about  to  appear  in  this  journal  by  Messrs. 
Teschemacher  and  Hayes  of  Boston,  the  object  of  which  would  be  to 
establish  the  identity  of  Microlite  with  P3rrochlore,  and  being  per- 
mitted by  the  editors,  I  hasten  to  reply  in  the  same  number. 


*  Fromthe^Ameiican  Journal  of  Science  and  Arts. 
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The  opinion  of  the  identity  originated  with  Mr.  Teschemacher ; 
and  is  expressed  without  the  slightest  reserve,  resulting  as  he  remarks, 
*^  from  a  close  examination  of  several  crystals  of  the  mineral  named 
microlite;"  but  Mr.  T.  singularly  enough  omits  altogether  the 
results  of  any  researches  bearing  on  the  point  to  be  established,  if 
we  except  the  mention  of  a  mineralogical  property  which  is  simply 
descriptive,  never  characteristic,  viz.,  the  circumstance  that  in  micro - 
lite,  the  colour  is  *'  transparent  (!)  straw-yellow  to  brick-red  and 
dark  brown  !*'*  For  the  full  confirmation  of  his  opinion  he  then 
refers  to  the  analysis  of  Mr.  Hayes,  which  was  undertaken  at  the 
request  of  the  Chemical  Society  of  Boston. 

I  shall  first  exhibit  the  mineralogical  differences  between  the  two 
minerals,  in  order  to  show  the  fallacy  of  any  attempt  to  unite  the 
two  species  on  natural-history  grounds ;  and  shall  then  inquire  what 
support  the  new  view  acquires  from  chemistry. 

Pyrochlore.  MicroUie, 

Crystals,  unmodified  regular  Crystals,  regular  octahedron, 
octahedrons.  with  edges  truncated  and  angles 

surmounted  by  four-sided  pyra- 
mids, whose  faces  correspond  to 
the  octahedral  planes. 

Cleavage,  octahedral,  distinct. 


Cleavage,  none  (fracture  con- 
choidal). 
Lustre,  resinous  to  vitreous. 
Colour,  deep  red-brown  to  black. 


Streak,  brown. 
Translucent  on   the  edges,   to 
opaque. 
Hardne88=4'?5. 

Gravity=4'20  to  4'25. 


Lustre,  resinous. 

Colour,  pale  honey-yellow.  Sur- 
faces of  crystals  often  reddish  or 
blackish  brown  from  implanted 
minerals. 

Streak,  pale  yellowish  white. 

Semi-transparent  to  translucent. 

Hardness,  5*25  (readily 
scratches  Pyrochlore). 

Gravity=5'485  to  5-562.f 


I  consider  it  apparent  therefore,  that  all  attempts  to  unite  two 
minerals,  whose  individuals  afford  no  transition-links  to  constitute 

*  In  this  account  of  eoloar  however,  my  specimenn  do  not  agree. 

t  The  specific  gravity  as  heretofore  quoted,  was  4•^5  to  5*00 ;  but  very  op. 
portnnely  for  this  examination,  I  bad  brought  with  me  from  my  Charleston 
cabinet  an  excellent  crystal,  weighing  3*805  grains ;  and  possessing  one  of 
Robinson's  best  eight  inch-beam  bfuances  (which  turns  readily  with  one- 
thousandth  of  a  flrfain),  I  was  able  to  correct  the  specific  gravily,  as  above, 
The  original  determination  of  this  property  was  effected  by  means  of  a  balance 
much  less  sensitive,  and  on  a  crystal  whose  weight  was  only  four-tenths  of  a 
grain.  Indeed,  this  was  the  largest  crystal  1  had  seen,  when  I  described  the 
species.  Observing  however,  that  my  .crystal  of  3*805  grains  had  two  of  its 
octahedral  sides  pitted  from  the  implantation  of  calcareous  spar  and  green 
tourmaline,  I  at  nrst  took  its  specific  gravity  with  these  impurities  att^hed. 
The  result  was  5*485  I  then  cleaved  off  these  faces,  ther^y  leducbig  the 
crystal  to  2*410  grains,  when  its  gravity  rose  to  5*563. 
Aa 
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the  passage  of  insensible  gradation,  in  properties  so  essential  to 
specific  gravity,  internal  structure  and  hardness,  must  prove  una- 
vailing; and  according  to  the  rules  of  forming  the  species  in 
mineralogy,  microlite  must  still  stand  distinct  from  pyrochlore. 

Let  us  now  turn  to  a  review  of  the  analysis  of  Mr.  Hayes.  This 
gentleman  has  not  in  any  form,  alluded  to  a  paper  of  mine,  entitled 
*'  Chemical  Examination  of  Microlite,"  and  published  in  vol.  xxxli, 
p.  338  of  this  journal.  To  save  the  reader  the  trouble  of  referring 
to  that  article,  I  will  simply  quote  from  it  so  far  as  to  say,  that  1 
found  the  microlite  to  be  a  columbate  of  lime  and  yttria,  with 
moisture  and  traces  of  uranium  and  tungstic  acid.  The  details  of 
the  examination  were  fully  given  in  that  communication  ;  and  in 
particular,  the  proofs  that  the  mineral  was  a  columbate.  My  surprise 
was  therefore  not  inconsiderable,  to  find  the  subject  of  my  former 
labours  held  up  in  a  light  so  novel,  as  that  of  being  a  salt  of  a  totally 
new  and  non-isomorphlc  genus. 

The  paper  of  Mr.  Hayes  in  support  of  his  views  is  out  of  propor- 
tion full  on  points  where  the  evidence  is  unsatisfactory ;  and  silent 
where  the  reader  might  appreciate  its  value  as  affecting  tlie  point  at 
issue ;  for  1  hold  the  blowpipe  characters  of  complex  bodies  like  the 
microlite  to  be  simply  sufficient  for  furnishing  the  chemist  to  tolerable 
guesses,  in  aid  of  subsequent  and  more  certain  experiments  with 
chemical  reagents  upon  the  decomposed  and  separated  ingredients 
of  the  mineral.  After  nearly  a  page  of  blowpipe  results,  many,  if 
not  all  of  which  would  be  likely  in  other  hands  (with  different 
lamps,  blowpipes,  and  lungs,  as  well  as  different  sized  specimens 
and  proportions  of  fluxes),  to  be  afforded  from  specimens  of  half  a 
dozen  other  species  as  well  as  from  microlite,  we  have  the  steps  of 
the  analysis  given  in  the  following  words.  "  One  grain  of  tlie 
mineral  which  had  been  dried  was  decomposed;  the  titanic  acid 
carefully  separated  and  dried,  it  weighed  80  ;  this  had  the  chemical 
characters  of  pure  titanic  acid. 

'*  The  solution  of  the  oxide  from  the  titanic  acid  gave  a  precipitate 
of  sulphate  of  tin,  when  treated  with  sulphohydric  acid,  and  the 
sulphate*  oxidized  before  the  blowpipe  gave  with  soda  a  globule  of 
tin.  Sulphohydrate  of  ammonia  gave  a  black  precipitate,  which 
when  roasted  contained  oxides  of  iron  and  uranium,  with  traces  of 
oxide  of  cerium.  The  fluid  remaining  gave  with  oxalate  of  ammonia, 
a  precipitate  which  was  converted  into  sulphate  of  lime,  equivalent 
to  0'08  lime.     Thus, 

Titanic  acid 80*0 

Oxide  of  tin 

'~?  > 11-8 

cenum 

uranium 

Lime 08-2— 100-0 

*  The  ralphuret  of  tin  is  here  referred  to  by  Mr.  Hayea,  in  thli  as  well 
as  in  the  previous  line. 
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'*  This  mineral  is  therefore  identical  with  that  analyzed  by  Wohler. 
The  absence  of  protoxide  of  manganese  and  water,  and  the  smaller 
proportion  of  oxide  of  iron  in  this  specimen,  as  indicated  by  the 
blowpipe  experiments,  will  account  for  the  larger  proportion  of  tita- 
nic acid  given  in  the  analysis." 

Then  follows  a  quotation  of  the  analysis  of  pyrochlore  by  Wohler, 
with  which  Mr.  Hayes  identifies  his  own  results  upon  the  microlite. 
But  when  we  find,  on  comparing  the  two  analyses,  a  difference  of 
more  than  seyenteen  per  cent,  in  the  acid,  and  of  one-third  in  the 
principal  base,  as  well  as  a  wide  discrepancy  in  volatile  matter,  and 
call  to  mind  that  these  results  are  deduced  from  a  single  trial,  and 
that  upon  one  grain's  weight  of  the  mineral,  we  must  believe,  that 
the  conclusion  of  Mr.  Hayes  cannot  be  sustained  upon  such  slender 
grounds  ;  and,  inasmuch  as  Mr.  Teschemacher  refers  to  the  analysis 
for  the  confirmation  of  his  views,  is  it  not  possible  that  Mr.  H.  in 
turn,  has  imconsciously  been  indebted  to  the  mineralogical  evidence 
for  a  portion  of  his  confidence  ? 

In  order  to  speak  from  present  knowledge  on  the  subject,  although 
I  have  no  reason  to  doubt  the  correctness  of  former  results,  I  sub- 
jected 2*142  grains  of  the  above-mentioned  crystal  to  the  following 
examination ;  premising,  however,  that  my  inquiry  was  chiefly  di- 
rected to  the  proofs  of  columbic  acid  in  the  mineral,  and  not  to  a 
rigid  determination  of  proportions  in  the  different  constituents. 

A.  The  powdered  mineral  was  white,  with  only  a  faint  tinge  of 
yellow.  Heated  for  half  an  hour  to  redness,  it  scarcely  changed  in 
colour  ;  and  lost  0*060  in  weight,  which  equals  2*801  per  cent.  It 
was  then  intimately  mixed  with  six  times  its  weight  of  bisulphate 
of  potash,  and  the  mixture  maintained  in  fusion  for  half  an  hour. 
Successive  portions  of  water  were  boiled  upon  the  fused  mass  for 
upwards  of  half  an  hour,  until  every  thing  soluble  was  taken  into 
solution.     A  dense  white  powder  remained  undissolved. 

B.  Hydrosulphate  of  ammonia  produced  in  a  portion  of  the  sul- 
phate A,  a  precipitate,  without  sensitive  discolouration,  and  which, 
from  former  proofs  in  my  paper  of  1835,  was  taken  for  yttria.  The 
remainder  of  the  fluid  was  then  precipitated  by  oxalate  of  ammonia, 
the  precipitate  ignited,  redissolved  in  hydrochloric  acid,  the  yttria 
thrown  down  by  anmiouia,  and  the  lime  by  oxalate  of  ammonia, 
which  on  ignition,  weighed  0*032,  or  1*49  per  cent.* 

C.  The  white  insoluble  matter  A,  was  digested  for  some  time  in 
a  saturated  solution  of  hydrosulphate  of  ammonia,  the  operation 
being  conducted  on  a  filter  in  the  way  recommended  by  Berzelius. 
The  insoluble  matter  was  blackened  by  the  affusion  of  the  hydro- 
sulphate. 

*  The  calcareoQs  content  here  obtained  is  quoted  only  as  an  approxima- 
tion ;  bat  falling  so  mnch  below  what  I  previonsly  found,  and  considered  in 
conjanction  with  my  observation  of  implanted  calcareous  spar  npon  the 
crystal,  it  is  possible  that  lime  may  yet  prove  to  be  an  accidental  ingredient 
in  tiie  mineral. 
Bb2 
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D.  The  tiulpbohydric  fluid  was  decomposed  by  nitric  axnd  and 
heat ;  hydrochloric  acid  was  added  ;  no  precipitation  ensued.  But 
the  fluid,  on  the  addition  of  ammonia,  afforded  a  precipitate  of 
peroxide  of  tin,  which  after  ignition,  weighed  '001,  which  equals 
0*047  per  cent.  The  oxide  was  reduced  with  carbonate  of  soda  on 
charcoal  to  the  metallic  state. 

£.  The  blackened  powder  C  was  treated  with  dilute  hydrochloric 
acid,  and  gently  warmed.  The  filtered  solution  was  precipitated  by 
ammonia,  and  ignited,  The  peroxide  of  iron  was  apparently  blended 
with  traces  of  yttria.     It  weighed  0*022,  or  about  1  per  cent. 

F.  The  insoluble  matter,  washed  by  hydrochloric  acid  (£),  was 
drenched  upon  the  filter  with  an  abundance  of  hot  water :  it  showed 
no  tendency  to  pass  through  the  filter  in  a  milky  state,  as  titanic 
acid  is  well  known  to  do,  under  such  circumstances.  It  was  ignited 
in  a  platina  crucible,  and  exhibited  a  white  colour  while  hoty  as  well 
as  after  cooling.  Its  weight  after  some  accidental  losses  was  1*052 
gr.,  =  49*11  per  cent.  But  I  still  regard  my  former  determination 
of  the  proportion  of  acid,  and  which  was  75*70  per  cent.,  to  be  very 
near  the  truth. 

A  portion  of  the  acid  was  fused  with  carbonate  of  potash  in  a  pla- 
tina crucible  ;  water  was  boiled  upon  the  mass,  whereby  a  complete 
solution  was  effected.  To  a  portion  of  the  solution  hydrochloric  acid 
was  added.  It  first  occasioned  a  cloudiness,  but  subseqtiently  the 
fluid  became  clear.  The  same  effect  was  produced  by  oxalic  acid. 
Ferrocyanide  of  potassium  afforded  with  the  oxalic  solution  a  yeUow 
precipitate,  and  the  tincture  of  nut-galls  with  the  same,  a  rich 
orange  precipitate. 

A  portion  of  the  acid  was  fused  with  biphosphate  of  soda  on  a 
platina  hook,  in  the  inner  flame  of  the  blowpipe  :  a  transparent  glass 
was  obtained,  which  was  colourless  while  hot,  as  well  as  after  cooling. 
Fused  with  soda  before  the  blowpipe,  an  opaque  white  bead  was 
obtained. 

My  conclusion  concerning  the  composition  of  the  microlite,  de- 
rived from  the  foregoing  examination,  coupled  with  that  in  1837,  is 
this,  that  it  is  a  columbate  of  yttria  and  lime,  with  a  little  moisture, 
adventitious  traces  of  iron,  tin,  tungstic  acid,  and  uranium. 

I  do  not  possess  enough  of  the  mineral  to  enable  me  to  undertake 
its  analysis :  but  it  is  a  question  which  I  regard  with  interest,  and 
shall  welcome  its  final  settlement  from  whatever  quarter  it  eomes ; 
though  I  must  be  excused,  in  the  face  of  such  evidence  as  I  have 
already  cited,  from  acquiescing  in  the  mere  declaration  of  any  autho- 
rity however  high,  that  its  prime  ingredient  is  titanic,  in  place  of  co- 
lumbic  acid. 

To  show  that  a  zeal  to  defend  a  species  because  it  was  put  forth 
by  myself,  is  not  the  motive  for  the  present  reclamation,  I  am  free 
to  say,  that  I  have  long  perceived  several  striking  analogies  which 
point  towards  an  identity  between  microlite  and  the  yellow  yttrotan- 
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talite  of  Ytterby,  although  "  a  close  examination  *'  of  several  points 
in  the  history  of  the  latter  substance  yet  requires  to  be  made,  in 
order  to  establish  the  truth  of  such  a  conjecture. 
New  HaTen,  May  15, 1842. 


On  M.  De  Luc's  Electric  Column,     By  Thomas  Forster,  Esq.* 

In  consequence  of  M.  De  Luc's  Electric  Columns  having 
been  described  in  your  *'  Philosophical  Magazine,"  I  think  it  right 
to  inform  your  readers  of  a  circimistance  relating  to  it  which  may 
prove  interesting.  I  have  observed  that  the  action  of  this  column 
is  materially  influenced  by  the  state  of  the  atmosphere  :  your  readers 
are  acquainted  with  the  manner  in  which  two  beUs,  attached  to  the 
plus  and  minus  end  of  the  column,  are  made  to  ring  by  means  of  an 
insulating  conducting  clapper  being  suspended  between  them,  and 
with  the  circumstance  of  their  having  nmg  for  many  months  toge- 
ther in  an  instrument  of  Mr.  B.  M.  Forster's,  at  Walthamstow. 
Now  I  have  observed  that  they  sometimes  pulsate  very  strong  and 
regularly,  at  other  times  weak  and  regularly,  at  others  strong  and 
irregularly,  or  with  intervals  of  quiescence,  and  sometimes  both  weak 
and  irregularly ;  and  these  variations  seem  to  me  to  be  connected 
with  peculiarities  in  the  electric  state  of  the  atmosphere.  For  I 
cannot  perceive  that  there  is  any  correspondence  between  the  kind 
of  action  of  this  column  and  the  state  of  the  hygrometer,  barometer, 
or  thermometer  ;  but  there  seems  to  be  a  connection  between  it  and 
certain  appearances  of  the  clouds,  the  peculiarities  of  which  are  (ac- 
cording to  the  modem  theory)  caused  chiefly  by  electricity :  when 
the  air  is  dry,  with  strong  easterly  winds,  when  the  cirrus  cloud 
ramifying  about  in  all  directions,  and  occasionally  accompanied  by 
the  other  modiflcations,  continues  for  a  long  time  unattended  by 
rain ;  when  the  nights  are  clear,  and  small  meteors,  called  faUing 
stars,  are  numerous ;  when  I  say  these  circumstances  happen  to- 
gether, I  have  observed  that  the  bells  of  this  column  always  ring 
with  very  irregular  pulsations;  and  further,  when  rain  succeeds 
such  kind  of  weather,  it  commonly  happens  that  their  pulsations  be- 
come weak,  or  cease  altogether,  and  the  beUs  become  silent :  on  the 
contrary,  when  the  weather  is  fair,  and  when  only  diurnal  cumuli 
prevail,  they  usually  pulsate  regularly.  An  ingenious  meteorologist 
suggested  to  me  the  other  day,  that  the  irregular  pulsation  of  the 
bells  might  be  occasioned  by  the  electric  fluid's  passing  downward  to 
the  earth  in  pulsations,  which  might  be  the  case  when  it  was  very 
irregularly  distributed  in  the  atmosphere. 

To  me  it  appears  that  this  irregular  distribution  of  the  electric 
fluid  would  be  indicated  by  the  multiform  appearance  of  the  cirrus 
cloud  which  I  have  described,  for  the  particular  office  of  this  cloud 
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seems  to  be  that  of  serving  as  a  conductor  of  electricity.  The  same 
circumstance  would  also  give  rise  to  the  occasional  appearance  of 
other  modifications.  All  however  that  can  be  said  on  this  interest- 
ing subject  at  present  is,  that  there  seems  to  be  a  connection  worth 
attending  to  between  the  kind  of  action  of  the  column,  and  the  kind 
of  weather  which  prevails,  indicated  by  the  various  and  peculiar 
appearances  of  the  clouds.  Future  observations  may  lead  to  the 
knowledge  of  adjunct  circumstances  which  may  have  their  share  in 
producing  these  changes.  To  engage  the  co-operation  of  other 
meteorologists,  by  which  alone  the  science  can  be  brought  to  any 
degree  of  perfection,  is  the  object  I  have  in  view  in  soliciting  the 
favour  that  this  may  be  inserted  in  your  *'  Philosophical  Magazine." 

I  remain,  Sir, 

Your  constant  reader  and  servant, 

Thomas  Fobster. 
St  Helen's  Place,  Jane  14, 1811. 


A  Daguerreotype  Experiment  by  Galvanic  Light.  By  B.  Silliman, 
Jun.,  A.M.,  of  the  departments  of  Chemistry  and  Mineralogy  in 
Yale  College,  and  Wm.  Henbt  Goode,  M.D.* 

In  November,  1840,  we  succeeded  in  obtaining  a  photographic 
impression,  by  galvanic  light  reflected  from  the  surface  of  a  medallion 
to  the  iodized  surface  of  a  Daguerreot3rpe  plate.  The  large  battery 
in  the  laboratory  of  Yale  College,  consisting  of  nine  hundred  pairs 
of  plates,  ten  inches  by  four,  was  charged  with  a  weak  solution  of 
sulphuric  acid,  and  its  poles  adjusted  with  charcoal  points,  in  the 
manner  which  is  customary  when  an  intense  light  is  to  be  produced 
by  means  of  this  instrument.  Two  pictures  were  obtained,  one  of 
which  is  made  up  of  a  blur,  or  spot,  produced  by  the  light  £rom  the 
charcoal  points,  the  image  of  the  retort-stand,  on  which  a  medaUion 
of  white  plaster  rested,  and  the  image  of  the  medallion,  but  the  lines 
on  its  face  are  not  given.  The  camera  was  about  six  feet  from  the 
charcoal  points  when  this  impression  was  taken,  and  the  medallion 
a  little  on  one  side,  and  in  the  rear  of  the  points.  The  plate  was  ex- 
posed to  the  light  about  twenty  seconds,  and  no  means  were  employed 
either  for  condensing  the  light  on  the  objects  to  be  copied,  or  diat 
reflected  irom  them,  on  the  lens  which  gave  the  image.  The  only 
lens  employed  was  a  French  achromatic,  three  inches  in  diameter, 
and  of  about  sixteen  inches  focal  length.  Another  picture  was 
taken  of  the  medallion  only,  which  was  placed  about  two  feet  from 
the  charcoal  points,  and  the  camera  &bout  four  feet  from  it,  and  in 
such  a  position  that  the  charcoal  points  did  not  come  within  the 
field  of  the  lens.  This  picture,  we  regret  to  say,  has  been  inadver- 
tently destroyed.  The  plates  used  were  of  inferior  quality,  being 
some  of  the  first  of  American  manufacture. 

*  From  ibe  *^  American  Joumal  of  Science  and  Arts.'' 
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These  experiments  were  not  published  at  the  time  they  were 
made,  because  it  was  understood,  that  a  gentleman  distinguished  for 
his  scientific  investigations  was  already  engaged  in  studying  this 
branch  of  the  subject,  with  whose  researches  we  had  no  wish  to 
interfere,  and  the  matter  was  abandoned  mainly  for  this  reason. 
Having  been  informed  recently,  however,  that  this  gentleman  had 
also  abandoned  it,  we  have  concluded  to  give  this  account  of  our  own 
experiments. 

On  the  same  occasion,  an  observation  was  made  respecting  the 
image  given  by  the  two  charcoal  points,  when  they  were  nearly  in 
contact,  and  the  battery  in  full  operation,  which  we  do  not  remem- 
ber to  have  met  with  elsewhere.  An  image  of  each  charcoal  point 
is  given,  separate  from  that  of  the  other,  by  a  lens  placed  at  a  little 
distance.  These  two  images  differ  remarkably  in  colour ;  one  is  of 
the  colour  of  the  flame  afforded  by  the  combustion  of  an  alcoholic 
solution  of  strontia;  the  other  resembles  in  colour  the  flame  produ- 
ced bv  the  combustion  of  an  alcoholic  solution  of  chloride  of  sodium, 
more  nearly  than  any  thing  else  with  which  we  can  compare  it. 
The  charcoal  points  were  shifted,  each  to  the  opposite  pole  of  the 
battery,  without  producing  any  change  in  the  colour  of  the  light 
given  off  by  the  poles  respectively.  Other  pieces  of  charcoal  were 
substituted,  in  the  place  of  those  with  which  this  phenomenon  was 
first  observed,  but  the  difference  in  the  colour  of  the  two  images  was 
always  present,  and  did  not  seem  to  be  connected  in  any  manner 
with  the  particular  charcoal  points  employed,  but  the  yellow  image 
was  uniformly  given  by  one  pole,  and  the  purple  image  by  the  other 
pole  of  the  battery.  We  are  under  the  impression  that  the  yellow 
coloured  image  was  produced  from  the  charcoal  point  in  connection 
with  the  positive  pole  of  the  battery,  and  that  the  strontia  coloured 
image  came  from  the  negative  pole  of  the  battery,  though  of  this 
no  note  was  made  at  the  time.  No  attempt  was  made  to  ascertain 
by  direct  experimeuts  whether  these  images  possessed  a  different 
degree  of  power  or  not,  in  producing  an  impression  upon  an  iodized 
plate.  The  difference  in  their  colour  was  presumptive  evidence 
that  one  image  (that  from  the  negative  pole),  possessed  more  of  the 
chemical  rays  than  the  other.  But  evidence  is  (we  are  of  opinion) 
afforded  indirectly  that  such  is  the  fact.  The  light  from  botn  char- 
coal points  made  a  slight  impression  on  the  iodized  plate  before 
they  were  brought  so  close  together  as  to  unite  in  forming  a  general 
blur :  these  two  small  spots  or  impressions  are  nearly  opposite,  or  at 
each  extremity  of  one  diameter  of  the  blur,  and  without  its  cir- 
cumference ;  one  of  them  is  more  distinct  than  the  other.  Within 
the  edge  of  the  blur,  and  nearly  in  the  same  diameter  with  the  two 
spots  above  named,  there  are  also  two  impressions,  darker  and  more 
strongly  marked  than  is  the  general  impression  made  by  the  light 
from  the  points.  One  of  these  spots  is  doubtless  made  by  the  light 
from  one  point,  while  tlie  other  is  aue  to  the  light  from  the  other  point, 
and  one  of  them  far  exceeds  the  other  in  distinctness.  Now 
the  more  strongly  marked  spot  without  the  blur,  and  the  more 


356  Method  of  Fitting  up  the  Electric  Column, 

strongly  marked  one  within  it,  are  close  to  each  other  on  the  same 
edge  of  the  blur,  and  are  doubtless  produced  by  the  light  from  one 
and  the  same  charcoal  point.  The  two  other  spots,  viz.,  that  with- 
out and  that  within  the  blur,  which  are  much  less  distinct,  are  close 
to  each  other  at  the  opposite  extremity  of  the  diameter  of  the  blur, 
and  are  also  evidently  produced  by  the  light  from  the  other  charcoal 
point. 

Yale  College  Laboratory,  June  20,  1842. 


Description  of  a  Method  of  fitting  up  in  a  portable  form  the  Electric 
Column^  lately  invented  by  J.  A.  De  Luc,  Esq.  AUo  an  Account 
of  several  Experiments  made  with  it.     By  B.  M.  Forster,  Esq.* 

Haying  been  informed  that  a  row  of  galvanic  plates  had  been 
constructed  without  any  fluid  being  interposed,  and  that  it  acted 
very  sensibly  on  a  gold-leaf  electrometer,  1  formed  one  of  about  two 
hundred  small  circles  of  zinc,  and  the  same  number  of  blotting-pa- 
per and  Dutch  gold-leaf,  the  Dutch  leaf  being  cemented  on  the 
paper  with  a  solution  of  gum  arabic ;  the  blotting  paper  was  double, 
two  pieces  were  gummed  or  pasted  together  before  the  Dutch  leaf 
was  put  on.  Through  these  circles,  or  plates,  a  silken  string  was 
passed  for  connecting  them  together.  This  small  instrument 
acted  sufficiently  powerfully  on  a  very  delicate  gold-leaf  electro- 
meter to  encourage  me  to  make  a  row  consisting  of  a  greater  num- 
ber of  plates.  To  the  two  hundred  I  added  about  three  hundred 
more,  using,  instead  of  the  Dutch  metal,  silver-leaf,  and  inserted  the 
whole  in  a  glass  tube  fitted  up  with  brass  caps,  screws,  and  balls. 
The  instrument  thus  fitted  up  may  be  called  an  electric  rod.  I  have 
some  of  these  rods  with  the  plates  not  connected  by  a  string  through 
them ;  which,  provided  the  glass  tube  is  very  nearly  of  the  same 
diameter  as  the  plates,  may  be  the  best  way  of  placing  them ;  but 
unless  the  tube  fits  accurately,  the  other  mode  will  probably  be 
found  preferable,  as  the  plates  can  be  more  easily  placed  regularly. 

The  Dutch  metal,  or  silver-leaf,  may  either  be  fastened  to  the  pa- 
per with  gum,  or  paste  made  over  the  fire  with  flour  and  water. 

The  following  experiments  were  made  with  a  rod  of  ^ve  hundred 
series  of  plates ;  whether  with  the  one  in  which  were  two  hundred 
plates  of  Dutch  metal,  or  in  which  there  were  none,  but  silver-leaf 
instead,  it  is  not  necessary  to  mention. 

21st  Sept.,  1809.  One  leaf  of  an  electrometer  made  of  Dutch 
metal  kept  flapping  to  and  from  the  side  of  the  glass  many  times, 
when  connected  with  the  electric  rod. 

'  The  ends  of  the  rod  being  placed  upon  two  electrome- 
ters, when  the  top  of  either  of  them  was  touchea,  the  electrometer 
at  the  opposite  end  diverged  more  immediately. 

•  From  Tilloch'fl  «'  Philosophical  Magazine." 
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22nd  Sept.  The  rod  was  placed  at  the  bottom  of  an  electrometer ; 
one  leaf  was  attracted  to  tlie  side  and  flapped  several  times.  This 
experiment  shows  that  the  electric  power  of  these  piles  or  columns 
acts  through  a  portion  of  air :  1  held  the  upper  part  of  the  electro- 
meter in  my  hand  during  this  experiment. 

24th  Sept  A  small  piece  of  Dutch  metal  was  attracted  up  to  the 
ball  at  the  zinc  pole  of  the  rod,  and  adhered  to  it. 

4th  Oct.  A  very  light  ivory  needle,  turning  on  a  point  (like  a 
magnetic  needle),  was  attracted  by  the  rod ;  when  a  finger  or  a  key 
was  placed  near  one  end  of  the  needle,  and  the  ball  at  the  end  of 
the  rod  also  near  the  same  end  on  the  opposite  side,  the  needle  vi- 
brated backwards  and  forwards.  The  needle  was  insulated,  I  believe, 
by  a  piece  of  amber. 

— •  The  needle,  after  havino;  been  touched  by  the  silver-end 

pole,  evidently  receded  from  that  pole ;  or,  as  it  is  commonly  called, 
was  repelled,  having  been  charged  with  the  same  kind  of  electricity 
as  that  end  of  the  rod  possessed :  the  same  effect  was  perceived 
when  charged  by  the  zinc  pole. 

One  leaf  of  an  electrometer  (Dutch  leaf)  moved,  when 

one  of  the  balls  on  the  rod  was  placed  over  the  top,  without  being 
in  contact  with  it. 

15th  Oct  The  ivory  needle  vibrated  between  the  balls  of  two 
rods,  one  of  which  was  at  the  zinc  pole,  the  other  at  the  opposite  pole. 

One  column  which  I  have  made,  consists  of  about  five  hundred 
plates,  each  about  ^th  of  an  inch  in  diameter.  I  have  put  at  the  zinc 
end  a  piece  of  cork  cut  like  the  head  of  a  snake  or  eel,  and  at  the 
other  end  another  to  resemble  a  tail.  This  column  may  be  called 
an  artificial  electric  eel  (Gymnotus  electricut):  it  is  not  inserted  in 
a  tube  like  the  others,  a  silken  siring  rons  through  the  centre  of  the 
plates,  which  may  be  drawn  tight ;  then  wound  round  a  pin  which 
IS  in  the  moutli,  or  may  be  loosened  if  desirable.  This  eel  acts 
powerfully  on  the  electrometers.  The  power  appears  to  me  to  vary 
much  more  than  that  of  the  columns  in  tubes :  provided  the  outside 
of  these  tubes  be  dry,  I  do  not  know  that  the  strength  of  their  electric 
power  changes. 

18th  Oct  Three  rods,  each  of  five  hundred  series,  were  supported 
upon  insulated  stands,  and  a  plate  of  copper  suspended  at  the  silver 
pole  of  the  combined  apparatus ;  anotner  plate  was  placed  under 
this  (as  in  the  common  electrical  experiment  of  the  dancing  images), 
one  very  small  piece  (or  more)  of  tissue-paper  was  attracted  up  and 
fell  down,  and  a  little  image  of  the  same  paper  reared  up,  and  once 
remained  suspended  to  the  upper  plate,  but  I  could  not  make  it  dance 
up  and  down. 

22nd  Oct  One  ball  or  both  ?  of  Gavallo's  pocket  electrometer 
diverged,  when  three  rods  were  combined ;  the  pith-balls  are  on  wires* 
With  these  three  rods  1  could  not  perceive  the  metallic  taste  in  the 
month  which  is  so  perceptible  even  with  a  single  piece  of  zinc  and 
silver  placed  against  the  tongue.  When  the  ball  or  balls  ?  of  the 
electrometer  moved,  the  opposite  end  of  the  apparatus  was  touched. 
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A  small  pitli-ball,  suspended  i  believe  with  a  single  thread  of  a  silk- 
worm, vibrated  between  two  fixed  pith-ball s,  one  of  which  was  con- 
nected with  the  apparatus,  the  other  communicated  with  the  table. 

23rd  Oct.  A  coated  jar  had  a  slight  charge  given  to  it  with  one 
of  the  electric  rods.  When  the  zinc  pole  charged  the  inside  of  the 
jar,  that  side  gave  sig^s  of  a  minus  state  (as  it  is  called),  and  the 
outside  a  plus  state.  This  was  shown  by  an  electrometer,  the  leaves 
of  which  diverged  when  excited  amber  was  holden  near  it,  after  it 
had  received  electricity  from  the  inside,  and  converged  when  elec- 
trified from  the  outside  of  the  bottle.  From  the  usual  effects  of 
galvanism  the  contrary  might  have  been  expected ;  that  is,  that  the 
zinc  end  of  the  column  would  have  produced  the  plus  state,  and  the 
silver  end  the  mintu. 

24th  Oct.  With  three  rods  combine<l,  a  small  brass  ball  suspended 
by  silk  between  two  bells  vibrated  between  them,  causing  them  to 
ring:  the  bells  were  suspended  from  the  ends  of  the  apparatus. 
The  next  day,  2dlh  Oct.  (the  jubilee  day),  having  fixed  on  glass  pil- 
lars two  bells,  and  hung  by  silk  a  brass  ball  from  the  upper  part  of 
a  piece  of  wire,  I  placed  the  bells  in  connexion  with  the  ends  of  the 
combined  apparatus,  by  means  of  bent  wires  laid  on  them :  the  ap- 
paratus and  bells  were  \eii  for  near  an  hour,  during  which  time  the 
bells  kept  ringing,  at  times  stopping  for  a  short  interval,  then  ring- 
ing again ;  the  clapper  sometimes  was  seen  to  rest  against  one  of 
them,  then  appeared  to  be  disengaged  by  a  person  moving  in  the 
room.  Whether  the  disengagement  was  always  owing  to  some  slight 
shaking  of  the  table,  or  whether  it  was  sometimes  in  consequence  of 
the  ball  having  acquired  electricity,  and  then  being  repelled,  I  am 
not  quite  clear.  It  appears  not  improbable  but  that  the  weight  of 
the  clapper  may  be  so  adapted  to  the  power  of  the  apparatus,  as  to 
cause  small  bells  to  continue  ringing  for  several  years  without  inter- 
mission ;  if  so,  we  shall  have  a  machine  which,  by  those  who  do  not 
consider  the  subject  philosophically,  will  be  called  a  perpetual  mo- 
tion. How  long  the  column  will  continue  to  produce  the  electric 
fluid  cannot  at  present  (or  perhaps  ever)  be  determined.  The  prin- 
cipal difficulty  to  be  overcome,  in  order  to  keep  the  clapper  in  con- 
tinual motion  throughout  the  different  seasons  of  the  year,  appears 
to  be  the  want  of  a  very  accurate  insulation  of  the  apparatus ;  ior,  if 
the  glass  tubes  or  pillars  which  support  them  are  damp,  the  current 
of  the  electric  fluid  will  not  pass  along  in  the  proper  direction  for 
the  experiment. 

29th  Nov.  Five  rods,  each  of  five  hundred  series,  were  combined ; 
with  these,  two  small  bells  kept  ringing  on  and  off  for  more  than 
four  hours,  part  of  which  time  I  was  not  in  the  room,  so  cannot  tell 
how  oilen  they  might  have  stopped :  the  ringing  sometimes  began 
again  evidently  not  from  any  shake,  but  I  imagine  from  the  clapper 
having  become  electrified,  and  then  being  (as  it  is  usually  called) 
repelled  from  the  bell  against  which  it  rested.  I  placed  three  rods 
of  five  hundred  series  (insulated),  in  a  box,  and  brought  wires  from 
the  ends  of  this  .combined  apparatus,  which  I  made  communicate 
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with  two  bellB.  I  placed,  on  Tuesday,  27th  Febraary,  1810,  this 
apparatus  in  a  closet,  where  I  left  it  until  Sunday,  1 1  ih  March,  the 
bells  continuing  to  ring  (as  far  as  my  observations  went),  from  the 
time  they  were  put  into  the  closet  until  that  day ;  when  they  ceased. 
What  was  the  cause  of  their  stopping  1  do  not  know,  but  imagine  it 
was  owing  to  dampness.  I  cannot  ascertain  that  they  rang  the  whole 
time  without  stopping,  but  have  no  reason  to  believe  otherwise.  I 
intended  some  months  ago  to  have  sent  you  the  description  of  the 
above-mentioned  apparatus  with  experiments,  but  deferred  sending 
it  on  account  of  Mr.  De  Luc's  paper  not  being  published,  which  he 
sent  to  the  Royal  Society,  in  March,  last  year,  and  which  contains 
a  description  of  the  electric  column  and  its  properties.  He  hopes 
soon  to  publish  it  himself.  In  the  mean  time  he  has  permitted  me 
to  communicate  my  account  to  you.  I  consider  the  invention  of 
this  column  as  the  most  important  discovery  in  the  science  of  elec- 
tricity since  that  of  the  voltaic  pile,  and  do  not  doubt  but  that  when 
Mr.  De  Luc  gives  his  paper  to  the  public,  it  will  prove  extremely 
interesting,  and  I  have  reason  to  believe  it  may  lead  to  further  dis- 
coveries which  will  be  considered  as  very  important  in  this  branch  of 
science. 

On  Wednesday  night,  i4th  March,  1  put  into  a  closet  a  couple  of 
bells,  communicating  with  the  three  rods  above  mentioned  in  a  box  ; 
they  then  began  to  ring,  and  are  now  ringing: — how  long  they  will 
continue  so  1  cannot  say,  perhaps  some  change  in  the  weather  may 
soon  occasion  the  clapper  to  cease  vibrating. 

1  remain,  &c., 

B.  M.  FoasTBR. 

Waltbamstow,  Essex,  20th  March,  1810. 
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{Omtinued  from  page  293). 

III.  Let  a  seed  be  thrown  into  the  earth,  and  be  left  to  germinate 
and  deyelope  itself;  let  the  new  plant  be  watched  until  it  has  borne 
flowers  and  seeds  in  its  turn,  and  we  shall  see,  by  suitable  analyses, 
that  the  primitive  seed,  in  producing  the  new  being,  has  fixed  car- 
bon, hydrogen,  oxygen,  azote,  and  ashes. 

Carbon, — The  carbon  originates  essentially  in  carbonic  acid, 
whether  it  be  borrowed  from  the  carbonic  acid  of  the  air,  or  proceed 
from  that  other  portion  of  carbonic  acid  which  the  spontaneous  de- 
composition of  manures  continually  gives  out  in  contact  with  the 
roots. 

But  it  is  from  the  air  especially  that  plants  most  frequently  derive 
their  carbon.  How  could  it  be  otherwise,  when  we  see  the  enormous 
quantity  of  carbon  which  aged  trees,  for  example,  have  appropriated 
to  themselves,  and  yet  the  very  limited  space  within  which  their 

*  ^*  London  and  Edinborgh  Philosophical  Magazine." 
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roots  can  extend  ?  Certainly,  when  a  hundred  years  ago  the  acorn 
germinated  which  has  produced  the  oak  that  we  now  admire,  the 
soil  on  which  it  fell  did  not  contain  the  millionth  part  of  the  carbon 
that  the  oak  itself  now  contains.  It  is  the  carbonic  acid  of  the  air 
which  has  supplied  the  rest,  that  is  to  say,  nearly  the  whole. 

But  what  can  be  clearer  and  more  conclusive  than  the  experiment 
of  M.  Boussingault,  in  which  peas,  sown  in  sand,  watered  with  dis- 
tilled water,  and  having  no  aliment  but  air,  have  found  in  that  air 
all  the  carbon  necessary  for  deyelopment,  flowering,  and  fruc- 
tification ? 

All  plants  fix  carbon,  all  borrow  it  from  carbonic  acid ;  whether 
this  be  taken  directly  from  the  air  by  the  leaves,  whether  the  roots 
imbibe  within  the  ground  the  rain  water  impregnated  with  carbonic 
acid,  or  whether  the  manures,  whilst  decomposing  in  the  soil,  supply 
carbonic  acid,  which  the  roots  also  take  possession  of  to  transmit  it 
to  the  leaves. 

All  these  results  may  be  proved  without  difficulty.  M.  Boussin- 
gault observed  that  vine  leaves  which  were  enclosed  in  a  globe  took 
all  tlie  carbonic  acid  from  the  air  directed  across  the  vessel,  however 
rapid  the  current.  M.  Boucherie  also  observed  enormous  quantities 
of  carbonic  acid  escape  from  the  divided  trunk  of  trees  in  full  sap, 
evidently  drawn  by  the  roots  from  the  soil. 

But  if  the  roots  imbibe  this  carbonic  acid  within  the  earth,  if  this 
passes  into  the  stalk  and  thence  into  the  leaves,  it  ends  by  being  ex- 
haled into  the  atmosphere,  without  alteration,  when  no  new  force 
intervenes. 

Such  is  the  case  with  plants  vegetating  in  the  shade  or  at  night. 
The  carbonic  acid  of  the  earth  filters  through  their  tissues,  and  dif- 
fuses itself  into  the  air.  We  say  that  plants  produce  carbonic  acid 
during  the  night:  we  should  say,  in  such  a  case,  that  plants  transmit 
the  carbonic  acid  borrowed  from  the  soil. 

But  let  this  carbonic  acid,  proceeding  from  the  soil,  or  taken  from 
the  atmosphere,  come  into  contact  vdth  the  leaves  or  the  green  parts, 
and  let  the  solar  light,  moreover,  intervene,  then  the  scene  all  at  once 
changes. 

The  carbonic  acid  disappears ;  bubbles  of  free  oxygen  arise  on  all 
the  parts  of  the  leaf,  and  the  carbon  fixes  itself  in  the  tissues  of  the 
plant. 

It  is  a  circumstance  well  worthy  of  interest,  that  these  green  parts 
of  plants,  the  only  ones  which  up  to  this  time  manifest  this  admira- 
ble phenomena  of  the  decomposition  of  carbonic  acid,  are  also 
endowed  with  another  property  not  less  peculiar,  or  less  mysterious. 

In  fact,  if  their  image  were  to  be  transferred  into  the  apparatus  of 
M.  Daguerre,  these  green  parts  are  not  found  to  be  reproduced 
there  ;  as  if  all  the  chemical  rays,  essential  to  the  Daguerrian  phe- 
nomena, had  disappeared  in  the  leaf,  absorbed  and  retained  by  it. 

The  chemical  rays  of  light  disappear,  therefore,  entirely  in  the 
green  parts  of  plants ;  an  extraordinary  absorption,  doubtless^  but 
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which  explains,  without  difficulty,  the  enormous  expense  of  chemical 
force  necessary  for  the  decomposition  of  a  body  so  stable  as  carbonic 
acid. 

What,  moreover,  is  the  fixed  function  of  this  carbon  in  the  plant  ? 
for  what  is  it  destined  ?  For  the  greater  part,  without  doubt,  it 
combines  with  water  or  with  its  elements,  thus  giving  birth  to  mat- 
ters of  the  highest  importance  for  the  vegetable. 

If  twelve  molecules  of  carbonic  acid  are  decomposed  and  abandon 
their  oxygen,  the  result  will  be  twelve  molecules  of  carbon ;  which, 
with  ten  molecules  of  water,  may  constitute  either  the  cellular  tissue 
of  plants,  or  their  ligneous  tissue,  or  the  starch  and  the  dextrine 
which  are  produced  from  them. 

Thus,  in  any  plant  whatever,  nearly  the  entire  mass  of  the  struc- 
ture (charpente),  formed  as  it  is  of  cellular  tissue,  of  ligneous  tissue* 
of  starch,  or  of  gummy  matters,  will  be  represented  by  twelve  mole- 
cules of  carbon  united  to  ten  molecules  of  water. 

The  ligneous  part  which  is  insoluble  in  water,  the  starch,  which 
gelatinizes  (I'amidon,  qui  fait  empois)  in  boiling  water,  and  the 
dextrine  which  dissolves  so  easily  in  water  cold  or  hot,  constitute, 
therefore,  as  M.  Payen  has  so  well  proved,  three  bodies  possessing 
exactly  the  same  composition,  but  diversified  by  a  different  molecular 
arrangement. 

Thus,  with  the  same  elements,  in  the  same  proportions,  vegetable 
nature  produces  the  insoluble  walls  of  the  cells  of  cellular  tissue  and 
of  the  vessels,  or  the  starch  which  she  accumulates  as  nourishment 
around  buds  and  embryos,  or  the  soluble  dextrine  which  the  sap  can 
convey  from  one  place  to  another  for  the  wants  of  the  plant. 

How  admirable  is  this  fecundity,  which  out  of  the  same  body  can 
make  three  different  ones,  and  which  allows  of  their  being  changed 
one  into  the  other  with  the  slightest  expense  of  force  every  time 
occasion  requires  it ! 

It  is  also  by  means  of  carbon,  united  with  water,  that  the  saccharine 
matters  so  frequently  deposited  in  the  organs  of  plants  for  peculiar 
purposes,  which  we  shall  shortly  mention,  are  produced.  Twelve 
molecules  of  carbon  and  eleven  molecules  of  water  form  the  cane 
sugar.  Twelve  molecules  of  carbon  and  fifteen  molecules  of  water 
make  the  sugar  of  the  grape. 

These  ligneous,  amylaceous,  gummy,  and  saccharine  matters, 
which  carbon,  taken  in  its  nascent  state,  can  produce  by  uniting  with 
water,  play  so  large  a  part  in  the  4ife  of  plants,  that,  when  they  are 
taken  into  consideration,  it  is  no  longer  difficult  to  understand  the 
important  part  that  the  decomposition  of  carbonic  acid  performs  in 
plants. 

Hydrogen. — In  the  same  manner  that  plants  decompose  carbonic 
acid  for  tiie  appropriation  of  its  carbon,  and  in  order  to  form  together 
with  it  all  the  neutral  bodies  which  compose  nearly  their  entire  mass, 
in  the  same  way,  and  for  certain  products  which  they  form  in  less 
abundance,  plants  decompose  water  and  fix  its  hydrogen.     This 
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appears  clearly  from  M.  Boossingault's  experiments  on  tlie  yegetation 
of  peas  in  closed  vessels.  It  is  still  more  evident  from  the  production 
of  fat  or  volatile  oils  so  frequent  in  certain  parts  of  plants,  and 
alw^s  so  rich  in  hydrogen.  This  can  only  come  from  water,  for 
the  plant  receives  no  other  hydrogenated  product  than  the  water 
itself. 

These  hydrogenated  bodies,  to  which  the  fixation  of  the  hydrogen 
borrowed  from  the  water  gives  birth,  are  employed  by  plants  for 
accessory  uses.  They  form,  indeed,  the  volatile  oils  which  serve 
for  defence  against  the  ravages  of  insects  ;  fat  oils  or  fats,  which 
surround  the  seed,  and  which  serve  to  develope  heat  by  oxidation 
(en  se  bril^lent)  at  the  moment  of  germination  ;  waxes  with  which 
leaves  and  fruits  are  covered  so  as  to  become  impermeable  to  water. 

But  all  these  uses  constitute  some  accidents  only  in  the  life  of 
plants  ;  thus  the  hydrogenated  products  are  much  less  necessary, 
much  less  common  in  the  vegetable  kingdom,  than  the  neutral 
products  formed  of  carbon  and  water. 

Azote, — During  its  life  every  plant  fixes  azote,  whether  it  bor- 
rows the  azote  from  the  atmosphere  or  takes  it  from  the  manure.  In 
either  case  it  is  probable  that  the  azote  enters  the  plant,  and  acts  its 
part  there,  only  under  the  form  of  ammonia  or  of  nitric  acid. 

M.  Boussingault*s  experiments  have  proved  that  certain  plants, 
such  as  Jerusalem  artichokes,  borrow  a  great  quantity  of  azote  from 
the  air :  that  others,  such  as  wheat,  are,  on  the  contrary,  obliged  to 
derive  all  theirs  from  manure  :  a  valuable  distinction  for  agriculture ; 
for  it  is  evident  that  all  cultivation  should  begin  by  producing  vege- 
tables which  assimilate  azote  from  air,  to  rear  by  their  aid  the  cattle 
which  will  furnish  manure,  and  employ  this  latter  for  the  cultivation 
of  certain  plants  which  can  take  azote  from  the  manures  only. 

One  of  the  most  interesting  problems  of  agriculture  consists,  then, 
in  the  art  of  procuring  azote  at  a  cheap  rate.  As  for  carbon,  no 
trouble  need  be  taken  about  it ;  nature  has  provided  for  it ;  the  air 
and  rain  water  suffice  for  it ;  but  the  azote  of  the  air,  that  which 
the  water  dissolves  and  brings  with  it,  the  anmioniacal  salts  which 
rain  water  itself  contains,  are  not  always  sufficient.  With  regard  to 
most  plants  the  cultivation  of  which  is  important,  their  roots  should 
also  be  surrounded  with  azotated  manure,  a  permanent  source  of 
ammonia  or  of  nitric  acid,  which  the  plant  appropriates  as  they  are 
produced.  This,  as  we  know,  is  one  of  the  great  expenses  of  agricul- 
ture, one  of  its  great  obstacles,  for  it  possesses  only  the  manure  which 
is  of  its  own  production.  But  chemistry  is  so  far  advanced  in  this 
respect,  that  the  problem  of  the  production  of  a  purely  chemical 
azotated  manure  cannot  be  long  in  being,  resolved. 

M.  Schattenman,  the  skilful  director  of  the  manufactories  of  Boux- 
villiers  in  Alsace,  M.  Boussingault,  and  M.  Liebig  have  turned  their 
attention  to  the  functions  of  ammonia  in  azotated  manures.  Recent 
trials  show  that  the  nitric  acid  of  the  nitrates  also  merit  particular 
attention. 
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But  for  what  purpose  is  this  azote,  of  which  plants  seem  to  have 
such  an  imperious  want  ?  M.  Fayen's  researches  partly  teach  us ; 
for  they  have  proved  that  all  the  organs  of  the  plant,  without  ex- 
ception, hegin  hy  heing  formed  of  an  azotated  matter  analogous  to 
fihrine,  with  which  at  a  later  period  are  associated  the  cellular  tissue, 
the  ligneous  tissue,  and  the  amylaceous  tissue  itself.  This  azotated 
matter,  the  real  origin  of  all  the  parts  of  the  plant,  is  never  destroyed ; 
it  is  always  to  be  found,  however  abundant  may  be  the  non-azotated 
matter  which  has  been  interposed  between  its  particles. 

This  azote,  fixed  by  plants,  serves,  therefore,  to  produce  a  con- 
crete fibrinous  substance,  which  constitutes  the  rudiment  of  all  the 
organs  of  the  vegetable. 

It  also  serves  to  produce  the  liquid  albumen  which  the  coagulable 
juices  of  all  plants  contain ;  and  the  caseum,  so  often  confounded 
with  albumen,  but  so  easy  to  recognise  in  many  plants. 

Fibrin,  albumen,  and  caseum  exist,  then,  in  plants.  These  three 
products,  identical  in  their  composition,  as  M.  Vogel  has  long  since 
proved,  offer  a  singular  analogy  with  the  ligneous  matters,  the  ami- 
don,  and  the  dextrine. 

Indeed,  fibrin  is,  like  ligneous  matter,  insoluble :  albumen,  like 
starch,  coagulates  by  heat ;  caseum,  like  dextrine,  is  soluble. 

These  azotated  matters,  moreover,  are  neutral,  as  well  as  the 
three  parallel  non-azotated  matters  ;  and  we  shall  see  that  by  their 
abundance  in  the  animal  kingdom  they  act  the  same  part  that  these 
latter  exhibited  to  us  in  the  vegetable  kingdom. 

Besides,  in  like  manner  as  it  suffices  for  the  formation  of  non- 
azotated  neutral  matters,  to  unite  carbon  with  water  or  with  its 
elements,  so,  also,  for  the  formation  of  these  azotated  neutral  matters, 
it  suffices  to  unite  carbon  and  ammonium  with  the  elements  of 
water.;  forty-eight  molecules  of  carbon,  six  of  ammonium,  and 
seventeen  of  water,  constitute,  or  may  constitute,  fibrin,  albumen, 
and  caseum. 

Thus,  in  both  cases,  reduced  bodies,  carbon  or  ammonium,  and 
water,  suffice  for  the  formation  of  the  matters  which  we  are  considering, 
and  their  production  enters  quite  naturally  into  the  circle  of  reactions, 
which  vegetable  nature  seems  especially  adapted  to  produce. 

The  function  of  azote  in  plants  is  therefore  worthy  of  the  most 
serious  attention,  since  it  is  this  which  serves  to  form  the  fibrin 
which  is  found  as  the  rudiment  in  all  the  organs ;  since  it  is  this 
which  serves  for  the  production  of  the  albumen  and  caseum  so 
largely  diffused  in  so  many  plants,  and  which  animals  assimilate  or 
modify  according  to  the  exigencies  of  their  own  nature. 

It  is  in  plants,  then,  that  the  true  laboratory  of  organic  chemistiy 
resides.  Thus  carbon,  hydrogen,  ammonium,  and  water  are  the 
principles  which  plants  elaborate :  ligneous  matter,  starch,  gums, 
and  sugars  on  the  one  part,  fibrin,  albumen,  caseum,  and  gluten,  on 
the  other,  are  then  the  fundamental  products  of  the  two  kingdoms ; 
products  formed  in  plants,  and  in  plants  alone,  and  transferred  by 
di  gestion  into  animals. 
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Ashes. — ^An  immense  quantity  of  water  passes  through  the  vege- 
table during  the  period  of  its  existence.  This  water  evaporates  at 
the  surface  of  the  leaves,  and  necessarily  leaves,  as  residue,  in  the 
plant  the  salts  which  it  contained  in  solution.  These  salts  compose 
the  ashes,  products  evidently  borrowed  from  the  earth,  to  which, 
after  their  death,  vegetables  give  it  back  again. 

As  to  the  form  in  which  these  mineral  products  deposit  themselves 
in  the  vegetable  tissue,  nothing  can  be  more  variable.  We  may 
remark,  however,  that  among  the  products  of  this  nature,  one  of  the 
most  fi;equent  and  most  abundant,  is  that  pectinate  of  lime  discovered 
by  M.  Jacquelain  in  the  ligneous  tissue  of  most  plants. 

lY.  If,  in  the  dark,  plants  act  as  simple  filtres  which  water  and 
gases  pass  through ;  if,  under  the  influence  of  solar  light  they  act 
as  reducing  apparatus  which  decompose  water,  carbonic  acid,  and 
oxide  of  ammonium,  there  are  certain  epochs  and  certain  organs  in 
which  the  plant  assumes  another,  and  altogether  opposite,  part. 

Thus,  if  an  embryo  is  to  be  made  to  germinate,  a  bud  to  be  un- 
folded, a  flower  to  be  fecundated,  the  plant  which  absorbed  the  solar 
heat,  which  decomposed  carbonic  acid  and  water,  all  at  once  changes 
its  course.  It  bums  carbon  and  hydrogen ;  it  produces  heat ;  tibat 
is  to  say,  it  takes  to  itself  the  principal  characters  of  animal  life. 

But  here  a  remarkable  circumstance  reveals  itself.  If  barley  or 
wheat  is  made  to  germinate,  much  heat,  carbonic  acid  and  water  are 
produced.  The  starch  of  these  grains  first  changes  into  gum,  then 
into  sugar,  then  it  disappears  in  producing  carbonic  acid,  which  the 
germ  is  to  assimilate.  Does  a  potato  germinate  ?  here,  also,  it  is 
starch  which  changes  into  dextrine,  then  into  sugar,  and  which  at 
last  produces  carbonic  acid  and  heat.  Sugar,  therefore,  seems  the 
agent  by  means  of  which  plants  develope  heat  as  they  need  it. 

How  is  it  possible  not  to  be  struck  from  this  with  the  coincidence 
of  the  following  facts  ?  Fecundation  is  always  accompanied  by  heat. 
Flowers  as  they  breathe  produce  carbonic  acid :  they  therefore  con- 
sume carbon ;  and  if  we  ask  whence  this  carbon  comes,  we  see  in 
the  sugar  cane,  for  example,  that  the  sugar  accumulated  in  the  stalk 
has  entirely  disappeared  when  the  flowering  and  fructification  are 
accomplished.  In  the  beet  root,  the  sugar  continues  increasing  in 
the  roots  until  it  flowers ;  the  seed-bearing  beet  contains  no  trace  of 
sugar  in  its  root.  In  the  parsnip,  the  turnip,  and  the  carrot,  the 
same  phenomena  take  place. 

Thus,  at  certain  epochs,  in  certain  organs,  the  plant  turns  into  an 
animal ;  it  becomes,  like  it,  an  apparatus  of  combustion  ;  it  bums 
carbon  and  hydrogen  ;  it  gives  out  heat. 

But,  at  these  same  periods,  it  destroys  in  abundance  the  saccharine 
matters  which  it  had  slowly  accumulated  and  stored  up.  Sugar,  or 
starch  turned  into  sugar,  are  then  the  primary  substances  by  means 
of  which  plants  develope  heat  as  required  for  the  accomplishment  of 
some  of  their  functions. 

And  if  we  remark  with  what  instinct  animals,  and  men  too,  chooae 
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for  their  fooA  just  that  part  of  the  vegetable  in  which  it  has  accumu- 
lated the  sugar  and  starch  which  serve  it  to  develope  heat,  is  it  not 
probable,  that,  in  the  animal  economy,  sugar  and  starch  are  also  des- 
tined to  act  the  same  part,  that  is  to  say,  to  be  burned  for  the  pur- 
pose of  developing  the  heat  which  accompanies  the  phenomenon  of 
respiration  ? 

To  sum  up,  as  long  as  the  vegetable  preserves  its  most  habitual 
character,  it  draws  from  the  sun  heat,  light,  and  chemical  rays ; 
from  the  air  it  receives  carbon  ;  from  water  it  takes  hydrogen  ;  azote 
from  the  oxide  of  ammonium,  and  different  salts  from  the  earth. 
With  these  mineral  or  elementary  substances,  it  composes  the  organ- 
ised substances  which  accumulate  in  its  tissues. 

They  are  ternary  substances,  ligneous  matter,  starch,  gums,  and 
sugars. 

They  are  quatenary  substances,  fibrin,  albumen,  caseum,  and 
gluten. 

So  far,  then,  the  vegetable  is  an  unceasing  producer ;  but  if  at 

times,  if  to  satisfy  certain  wants,  the  vegetable  becomes  a  consumer, 

it  realises  exactly  the  same  phenomena  which  the  animal  will  now 

set  before  us. 

(To  he  continued). 


Observations  on  Mr.  Donovan's  Reflections  on  the  Inadequacy  of 
the  principal  Hypotheses  to  account  fbr  the  Phenomena  of  Elec- 
tricity.    By  G.  A.  De  Log,  Esq.,  F.R.S.,  &c.« 

1.  This  paper  of  Mr.  Donovan  will,  I  hope,  be  very  useful  in 
settling  the  doctrine  of  electricity,  against  which  he  finds  the  objec- 
tions detailed  in  his  paper,  upon  its  true  foundation. 

2.  The  doctrine  of  positive  and  negative  electricities,  first  pub- 
lished by  Franklin,  is  true  in  itself;  but  by  the  manner  in  which  he 
had  expressed  it  it  was  involved  in  many  difficulties  which  he  had 
not  foreseen.  I  shall  have  occasion  hereafter  to  relate  the  opportu- 
nity which  I  had,  long  after,  to  demonstrate  to  him  personally,  by 
an  experiment,  what  kind  of  influence  the  air  has  in  the  propagation 
of  the  electric  fluid. 

3.  Franklia's  theory  was  first  attacked  by  Dr.  Peart,  who  pointed 
ont  some  phenomena  of  electric  motions  absolutely  inconsistent 
with  his  statement  of  his  own  system.  I  shall  not  enter  into  that 
discussion,  but  point  out  directly  the  source  of  an  insurmountable 
difficulty  in  that  theory,  as  it  was  first  expressed  by  its  author,  which 
circumstance  (as  I  shall  successively  prove)  has  been  the  only 
cause  of  its  rejection  by  Mr.  Donovan.  The  error  was  this :  Dr. 
Franklin  considered  as  the  standard  of  plus  and  minus,  or  middle 
point  between  them,  a  certain  natural  quantity  of  electric  matter 
belonging  to  all  the  bodies  of  the  earth :  he  called  negative  the  bo- 

•  From  Tilloeb's  '« Philosophical  Magasine." 
Bb 
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dies  from  which  some  part  of  the  quantity  was  abstracted,  and  posi- 
tive those  to  which  a  new  quantity  was  added, 

4.  This  error  of  Franklin  has  created  all  the  just  objections  of 
Mr.  Donovan ;  but  from  this  circumstance  I  may  judge  that  the 
latter  has  not  had  the  opportunity  of  knowing  two  works  which  I 
have  published,  one  in  England,  in  1787,  in  two  volumes,  under  the 
title  of  "  Idees  sur  la  M^teorologie  */'  the  other  was  published  at  Paris, 
in  1804,  also  in  two  volumes,  under  the  title  of*'  Traits  elementaire 
sur  le  Fluide  Electro-gal vanique."  In  both  these  works  I  have  applied 
Volta's  system  to  the  motions  of  a  pair  of  balls,  which  motions  are 
the  most  immediate  test  of  electrical  theories. 

5.  The  essential  and  characteristic  difference  of  Volta's  theory, 
compared  to  that  of  Franklin,  consists  in  the  standard  between  plus 
and  minus.  Volta  has  demonstrated  that  there  is  no  other  standard 
or  middle  point  between  these  two  opposite  electric  states,  than  the 
actual  electric  state  of  the  air,  which  possesses  electric  matter  as 
^ell  as  the  bodies  which  it  embraces.  But  I  must  first  relate  the 
opportunity  which  I  have  had  to  learn  that  system  from  its  author 
himself.  Being  at  Paris  in  the  year  1782,  1  made  that  very  inte- 
resting acquaintance,  and  M.  Volta  was  so  good  as  to  explain  to  me 
completely  his  system.  The  same  year  he  came  to  London,  and 
directed  me  in  the  construction  of  a  more  extensive  set  of  electrical 
instruments,  with  which  I  made  all  the  experiments  related  in  the 
above  mentioned  works. 

6.  The  principle  of  Volta  with  respect  to  electric  motions,  being 
that  they  have  for  their  true  standard  the  actual  electric  state  of  the 
ambient  air,  it  came  into  my  mind  to  submit  that  principle,  as  the 
foundation  of  the  whole  theory,  to  an  experifnentum  cruets, 

7.  This  experiment  is  related  from  p.  56  to  67  of  the  first  volume 
of  the  "  Traite  Elementaire  sur  le  Fluide  Electro-gal vanique:''  where 
I  first  mention,  as  an  indispensable  condition  for  the  success  of  that 
experiment,  that  the  air  be  very  dry ;  and  I  had  the  means,  by  my 
hygrometer,  to  determine  the  necessary  degrees  of  dryness,  which  is 
about  43°  of  my  scale.  As  these  experiments  require  some  time,  a 
greater  Quantity  of  aqueous  vapour  mixed  with  the  air,  dissipates 
too  fast  tne  electric  fluid  accumulated  upon  bodies,  and  transmits 
too  fast  some  electric  fluid  to  those  which  have  been  rendered  nega- 
tive. 

8.  I  made  this  series  of  experiments  in  two  contiguous  rooms, 
separated  by  a  short  passage  and  a  door.  In  one  of  the  rooms  I 
placed  a  very  strong  electric  machine,  by  which  the  air  could  be 
modified  without  affecting  that  of  the  other  room.  I  had  a  pair  of 
pith  balls  with  long  conducting  threads,  suspended  to  a  brass  cap 
at  the  extremity  of  a  varnished  glass  rod,  and  thus  thoroughly  in- 
sulated, as  well  as  the  ferule  to  which  the  balls  were  suspended. 
Before  the  electric  machine  was  put  in  motion  in  its  room,  the  balls 
had  no  divergence  in  either  of  them. 

9.  In  one  of  the  experiments,  I  fixed  a  point  at  the  extremity 
of  the  prime  conductor  of  the  machine,  the  rubber  being  placed  in 
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coinmocication  with  the  ground :  a  luminous  brush  appeared  at  the 
point,  indicating  that  the  electric  fluid  escaped  from  it  and  was  com- 
municated to  the  air  of  the  room.  Now,  when  I  brought  the  pair  of 
balls  from  the  next  room,  where  they  did  not  diverge,  they  strongly 
diverged  in  the  room  of  the  machine;  and  by  the  test  of  a  rubbed 
stick  of  sealing-wax,  they  were  found  to  diverge  negatively,  because 
the  air  had  acquired  some  electric  fluid  by  the  action  of  the  positive 
point,  and  thus  was  made  positive;  but  when  the  balls  were  brought 
back  to  the  other  room,  they  ceaaed  to  diverge. 

10.  I  made  the  inverse  experiment,  by  fixing  a  point  to  the  rub- 
ber of  the  maehine,  its  prime. conductor  being  placed  in  communi- 
cation with  the  ground.  The  machine  being  worked  in  this  state,  a 
luminous  point  was  seen  at  the  extremity  of  the  point  fixed  to  the 
rubber,  inaicating  that  some  electric  fluid  passed  from  the  air  of  the 
room  to  the  rubber,  and  thus  that  air  was  made  negative.  Now  the 
pair  of  balls,  which  did  not  again  diverge  in  the  next  room,  being 
brought  into  that  wherein  the  machine  was,  they  strongly  diverged, 
and  by  the  test  they  diverged  positively,  being  brought  into  an  at- 
mosphere rendered  negative  by  the  point  fixed  to  the  rubber. 

1 1.  These  experiments  cannot  leave  any  doubt,  on  Volta's  theory, 
that  in  the  divergence  of  a  pair  of  balls,  the  standard  of  plus  and 
minus  is  not,  as  Franklin  had  determined  it,  a  natural  electric  state 
oi  bodies ;  but  that  it  is  the  actual  and  variable  electric  state  of  the 
ambient  air.  Had  Mr.  Donovan  been  acquainted  with  that  theory 
of  Volta,  still  retaining  the  fundamental  theory  of  positive  and  ne- 
gative, first  announced  by  Franklin,  but  changing  the  standard  from 
a  fixed  to  a  changeable  state  well  defined,  he  would  certainly  have 
retained  the  fundamental  doctrine  of  positive  and  negative  with  that 
correction. 

12.  As  to  the  theory  of  £pinus,  that  electric  atmospheres  do  not 
exist,  which  Mr.  Donovan  seems  to  prefer  to  that  of  Franklin  cor- 
rected by  Volta,  I  have  shown  in  one  of  my  works,  that  ^pinus, 
instead  of  simplifying  the  theory,  has  fallen  into  a  greater  compli- 
cation of  hypotheses,  even  contrary  to  some  general  laws  of  nature. 
But  I  shall  not  enter  into  that  discussion,  as  Volta's  system  renders 
it  unnecessary. 

13.  It  is  by  this  influence  of  the  air,  receiving  its  share  of  the 
electric  fluid  possessed  by  the  bodies  which  it  surrounds,  that  Volta 
explained  tlie  motions  of  electrified  balls,  and  the  following  is  his 
explanation.  '*  When  two  balls  suspended  near  each  other  are  in 
a  positive  state  comparatively  to  the  air  of  the  place,  they  both  com- 
municate some  electric  fluid  to  the  air  between  them ;  while  each  of 
them  communicates  alone  the  electric  fluid  to  the  outward  air. 
£ach  of  the  balls  therefore  moves  towards  that  outward  air  on  each 
side,  not  by  repelling  each  other,  but  by  moving  towards  the  air  pos- 
sessing less  electric  fluid."  * 

14  During  the  coarse  of  my  experiments  to  demonstrate,  in  va- 
rious manners,  the  certainty  of  VoWs  system  on  the  cause  of  mo- 
tion of  electrified  balls,'  it  came  into  my  mind  that  an  analogous 
Bb2 


308  Hypothe$es  on  the  Phenomena  of  EUctricUy, 

phenomenon  might  be  produced,  in  which  tlie  cause  of  the  motion 
might  be  visible;  and  it  having  succeeded,  I  have  described  this  ex* 
periment  from  p.  116  to  119  of  the  same  volume,  of  which  it  will  be 
sufficient  to  give  here  an  extract 

15.  An  accidental  observation  led  me  to  that  experiment,  which 
those  who  shave  themselves  and  employ  soap  powder  will  easily  re- 
peat If  the  basin  used  happens  to  be  coverea  with  dust,  this  swims 
over  the  water;  but  it  is  very  easily  swept,  by  scraping  a  small  flake 
of  soap,  taking  it  on  the  point  of  a  knife,  and  endeavouring  to  let  it 
fall  on  the  middle  of  the  surface  of  the  water  with  its  convexity  un- 
dermost As  soon  as  that  flake  of  soap  swims  on  the  water,  the  du&t 
recedes  from  it,  and  ascends  to  the  edge  of  the  water  on  the  side  of 
the  basin,  where  it  forms  a  thin  fringe. 

16.  Having  taken  notice  of  that  motion  of  the  surface  of  water 
made  visible  by  the  dust,  I  attempted  to  imitate  the  motion  of  two 
electrified  balls  by  two  discs  of  soap  half  an  inch  in  diameter,  and 
about  1-lOth  of  an  inch  thick,  in  the  centre  of  which  I  fixed 
with  gum  a  very  thin  thread  fonr  inches  long,  and  I  suspended 
these  discs  to  a  slip  of  wood  at  such  a  distance  that  they  slightly 
touched  each  other.  When  that  little  apparatus  was  prepared,  and 
the  two  discs  made  to  rest  at  the  same  time  on  the  surface  of  the 
water,  they  began  to  recede  from  each  other,  and  the  motion  of  the 
dust  on  the  surface  of  the  water  visibly  demonstrated  that  the  discs 
of  soap  moved  both  towards  the  water  which  had  not  yet  dissolved 
soap. 

17.  Lastly,  I  have  demonstrated  by  a  direct  experiment,  which  I 
shall  relate  hereafter,  that  a  perfect  vacuum  does  not  transmit  the 
electric  fluid ;  which  fact  will  be  a  peremptory  proof  of  the  essential 
interference  of  air  in  the  motion  of  a  pair  of  electrified  balls. 

18.  Another  essential  part  of  Yolta's  system,  with  which  Mr. 
Donovan  is  not  acouainted,  and  which  when  fully  understood,  re- 
moves all  the  difficulties  he  has  found,  is  that  which  Volta  has  called 
electric  influences.  It  consists  in  this  effect :  when  a  body  positive 
is  brought  near  one  of  the  extremities  of  an  insulated  conductor,  it 
gives  more  tension  to  the  electric  fluid  at  that  end  of  the  conductor, 
and  makes  it  recede  to  the  further  end.  This  principle  removes  all 
the  difficulties  that  Mr.  Donovan  has  found,  and  in  particular  that 
which  seems  to  arise  from  his  experiment  related  in  p.  338,  of  a  pith 
ball  suspended  to  a  glass  rod,  and  an  excited  glass  tube  brought 
under  it  The  excited  tube  occasions  a  slow  retreat  of  electric 
matter  along  the  thread.  While  that  matter  remains  together  in  the 
ball,  the  thread,  and  at  the  point  of  suspension,  the  ball  is  repelled 
by  the  excited  tube ;  but  at  last  the  suspended  ball  loses  some  elec- 
tric matter,  and  being  then  negative,  it  is  attracted  by  the  excited 
tube. 

19.  The  author  attacks  with  reason  the  cause  assigned  by 
Franklin  to  the  luminons  brush  which  appears  at  the  extremity 
of  a  pointed  body  fixed  to  the  prime  conductor  of  an  electric 
machine  in  motion.     But  Volta  has  also  explained  this  pheno-. 


Hypotheses  on  the  Phenomena  of  Electricity^  S69 

menon  in  a  satisfiBictory  manner,  as  I  have  explained  in  pp.  60 
and  61.  Suppose  a  conductor  positively  electrified,  and  to  which' 
is  presented  another  conductor  in  communication  with  the  ground, 
but  the  surface  of  which  is  of  a  certain  extent ;  the  particles  of  air 
in  motion,  returning  from  the  electrified  conductor,  and  thus  possess- 
ing more  electric  fluid,  might  transmit  some  to  the  other  body ; 
but  their  influence  on  it  producing  a  diminution  of  tension  in  the 
fluid  proceeding  from  the  conductor,  at  the  same  time  that  they  in- 
crease the  tension  in  the  fluid  of  the  body,  there  is  thus  a  very  small 
disposition  of  the  electric  fluid  to  abandon  the  particles  of  air.  But 
if  it  be  a  point*  the  electric  fluid  belonging  to  it  is  in  too  small  a 
qnantity  to  increase  the  tension  of  that  belonging  to  the  body :  thus, 
every  particle  of  air  which  comes  in  contact  with  that  body  dis- 
charges its  electric  fluid,  returns  instantly,  and,  as  it  takes  the  shorter 
way,  thus  is  produced  a  current  of  air.  The  same  alternate  motions 
takes  place  in  the  particles  of  air,  whether  the  point  is  negative  or 
positive, 

20.  The  difficulty  concerning  the  impermeability  of  glass  to  the 
electric  fluid,  which  the  author  opposes  to  the  phenomena  of  the 
Leyden  vial,  as  accounted  for  by  Franklin,  has  also  been  removed 
by  Yolta,  by  supposing  the  electric  fluid  composed  of  two  ingre- 
dients, to  one  of  wnlch  only  glass  is  impermeable,  but  the  other  passes 
readily  through  it.  If  the  jar  is  coated  on  both  sides  with  tinfoil 
up  to  a  certain  height,  it  will  not  receive  a  charge,  unless  the  outside 
coating  is  in  communication  with  the  ground. 

21.  On  the  explanation  of  this  common  phenomenon  rests  the 
whole  theory  of  positive  and  negative  electricities,  which  Volta,  hav- 
ing placed  on  its  true  foundation,  has  thereby  plearly  explained  the 
phenomena  of  the  Leyden  vial ;  and  it  is  his  theory  which  has  led 
me  to  my  systems  on  the  nature  of  the  electric  fluid.  This  fluid, 
considered  in  its  common  phenomena,  is  composed  of  two  ingredients; 
one,  which  does  not  possess  expansibility  by  itself;  the  other,  which, 
united  with  it,  gives  expansibility  to  the  compound.  Of  this  union 
I  have  given  an  example  in  the  aqueous  vapour,  which  is  composed 
of  particles  of  water,  a  substance  not  possessing  expansibility,  and 
of  particles  of  fire^  which  gives  expansibility  to  the  compound.  That 
analogy,  with  all  its  particulars,  I  have  explained  in  p.  77,  sec.  I, 
with  this  title :  "  Analogies  and  Difierences  of  the  Electric  Fluid, 
and  the  Aqueous  Vapour.''  In  consequence  of  this  analogy,  I  have 
given  the  name  of  electric  matter  to  that  ingredient  of  the  electric 
fluid  to  which  glass  is  not  permeable,  and  deferent  fluid  to  that  in- 
gredient which  transports  the  electric  matter,  and  which  alone  passes 
Uirongh  the  glass. 

22.  In  this  system  Mr.  Donovan  may  find  the  solution  of  his 
difficulties  concerning  the  charge  and  discharge  of  the  Leyden  vial. 
Franklin's  system  is  true  so  far  as  he  supposes  that  the  vial  possesses 
(nearly)  the  same  quantity  of  electric  fluid,  both  when  it  is  in  its 
natural  state,  and  wnen  it  is  charged ;  but  the  electric  fluid  is  not 
distributed  in  the  same  manner  in  bothcases^    When  an  electric 
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machine  tends  to  produce  an  accumulation  of  electric  fluid  on  one 
of  the  surfaces  of  the  vial,  it  cannot  accumulate  except  the  outside 
of  the  vial  can  part  with  an  equal  quantity,  its  coating  being  in 
communication  with  the  ground.  But  it  is  not  the  identical  electric 
fluid  which  pervades  the  glass,  the  electric  matter  thrown  in  remains 
fixed  on  the  inner  surface ;  the  deferent,  fluid  alone  pervades  the 
glass,  and,  uniting  with  the  electric  matter  on  the  outward  surface, 
forms  there  an  equal  quantity  of  electric  fluid,  which  is  transmitted 
to  the  ground  if  it  finds  a  conductor.  This  is  a  complete  analogy 
with  one  of  the  phenomena  of  the  aqueous  vapour  mentioned  in  the 
above  quoted  section.  The  maximum  of  charge  is  attained  when 
the  quantity  of  electric  matter  accumulated  on  the  internal  surface 
is  in  equilibrium  with  that  transmitted  by  the  electric  machine. 

23.  So  far  this  system  might  appear  only  an  hypothesis  to  Mr. 
Donovan,  as  he  does  not  know  the  work  to  which  I  refer,  where  I 
have  Kiven  a  peremptory  demonstration  of  it,  derived  from  the 
electric  motions,  proving  by  a  direct  experiment  that  these  motions 
refer  only  to  the  electric  matter,  without  interference  of  the  de- 
ferent fluid,  except  to  transport  the  electric  matter. 

24.  In  tome  ii,  p.  8,  1  have  related  an  experiment  which  very 
much  struck  M.  Cavallo,  in  presence  of  whom  I  made  it  at  Windsor. 
The  apparatus  for  that  experiment  is  described,  with  a  plate,  in  my 
work ;  it  consists  of  a  conductor  supported  in  an  horizontal  position 
on  an  insulating  pillar.  At  one  end  of  this  conductor  are  suspended, 
by  brass  wire,  two  cork-balls,  half  an  inch  diameter,  going  down  so  as 
to  hang  opposite  to  the  centre  of  two  insulated  biass  discs  two  inches 
diameter,  brought  to  about  3}  inches  of  each  other,  and  the  balls 
hung  at  equal  distance  from  them.  I  give  a  spark  to  each  of  the 
discs  with  a  Leyden  vial :  the  deferent  fluid  of  the  discs,  thus  ren- 
dered positive,  and  giving  more  expansive  power  to  the  fluid  of  the 
balls,  a  part  of  it  is  carried  towards  the  other  extremity  of  the  in- 
sulated conductor ;  and  the  balls  losing  thus  a  part  of  their  electric 
matter,  they  diverge  as  being  in  a  negative  state,  and  are  carried  on 
both  sides  towards  the  positive  discs,  which  they  would  strike,  were 
they  not  prevented  by  a  kind  of  bridle,  placed  at  the  end  of  the  con- 
ductor, showing  by  small  motions  as  it  were  an  avidity  to  move  to- 
wards them. 

25.  In  that  state  of  the  apparatus  in  which  the  influence  of  the 
discs,  being  positive,  gives  more  expansive  power  to  the  electric  fluid 
of  the  balls,  they  are  certainly  negative  comparatively  to  the  ground 
and  the  ambient  air ;  but  the  deferent  fluid  of  the  positive  discs  giv- 
ing more  expansive  power  to  their  electric  matter,  a  conductor  com- 
municating with  the  ground  may  be  brought  into  immediate  contact 
with  them  without  effect :  their  negative  divergence  still  continues. 
The  same  phenomenon  is  produced  by  inversely  electrifying  the 
horizontal  insulated  conductor  and  the  discs :  when  the  balls,  then 
positive,  are  made  to  communicate  with  the  ground  by  a  brass  con- 
ductor, they  continue  to  diverge,  being  under  the  influence  of  the 
negative  atmosphere  of  the  discs. 
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'  26.  Theae  phenomena  much  interested  M.  Cavallo,  who  was  a 
very  liberal-minded  man.  He  persisted  in  his  opinions  as  long  as 
he  found  reasons  to  defend  them,  but  was  ready  to  abandon  them 
whenever  his  arguments  appeared  to  be  contradicted  by  facts,  to 
which  he  was  very  attentive.  Having  made  some  stay  at  Windsor, 
he  came  often  to  me  and  proposed  some  alterations  in  my  apparatus, 
which  he  thought  could  change  the  phenomena.  I  foretold  him 
what  would  happen  by  the  changes,  some  of  which  would  change 
the  effect  on  account  of  causes  which  1  pointed  out,  and  others  would 
produce  the  same  effect  At  last  he  saw  and  acknowledged  that 
those  phenomena  could  absolutely  not  be  explained  but  by  admitting 
the  composition  of  the  electric  fluid  of  two  ingredients,  one  of  which 
only,  which  I  had  called  electric  matter,  produced  electric  motions, 
and  the  other,  which  gave  expansibility  to  that  matter  in  proportion 
to  its  relative  quantity,  which  I  named  electric  deferent.  Thus 
Volta's  theory,  applied  to  all  the  electric  phenomena  which  were 
opposed  to  Franklin*s  theory,  in  his  own  expressions,  have  cleared 
the  system  of  positive  and  negative  electricities  from  the  objections 
of  Mr.  Donovan,  arising  from  the  erroneous  principle  which  he 
admitted  in  it,  of  a  natural  quantity  of  electric  matter  belonging  to 
all  terrestrial  bodies. 

27.  I  come  to  another  very  important  object  in  the  science  of 
electricity,  that  of  the  effect  of  friction,  which  in  vol.  xxxiii,  of  Mr. 
Nicholson's  "  Philosophical  Journal,'^  I  have  explained  in  a  manner 
different  from  that  of  Mr.  Donovan  in  p.  337.  His  hypothesis  is 
this :  "  That  during  attrition  between  bodies,  one  of  which  must  be  an 
electric,  the  pores  of  the  latter  being  open  will  receive  the  plus  quan- 
tity, and  will  give  it  out  again  when  tne  pores  close." — In  this  res- 
pect 1  have  proved,  that  there  is  no  other  distinction  between  bodies 
than  that  of  conductors  and  non-conductors ;  the  latter  of  which 
only  can  be  excited  by  friction,  because  the  electric  fluid,  thus  set 
in  motion  on  the  surface,  moves  slowly  to  make  its  escape  by  a 
conductor  offered  at  a  distance.  While,  if  both  bodies  which  exer- 
cise friction  on  each  other  are  good  conductors,  the  equilibrium  is 
incessantly  restored.;  but  if  one  has  more  disposition  than  the  other 
to  attract  the  electric  fluid  thus  agitated,  with  the  faculty  of  trans- 
mitting it  to  its  remote  parts,  when  the  bodies  are  separated  before 
the  equilibrium  is  restored  between  them,  one  is  found  positive  and 
the  other  negative. 

28.  These  effects  are  distinctly  demonstrated  by  a  small  electric 
machine,  the  figure  of  which  is  at  the  head  of  my  paper  in  Mr. 
Nicholson's  "  Philosophical  Journal ''  for  January,  ,181 1,  under  the 
title  of  "  Experiments  concerning  the  Electric  Machine,  showing 
the  Effects  of  Friction  between  Bodies.'' 

29.  M.  Cavallo  has  given  a  table  containing  the  results  of  his 
experiments  of  this  kind,  wherein  we  find  that  certain  bodies  become 
either  positive  or  negative  by  friction,  according  to  those  by  which 
they  are  rubbed ;  but  the  manner  in  which  his  experiments  were 
made  did  not  indicate  the  effect  produced  on   the  rubber  itself, 
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because  it  was  not  insulated.  I  thoagbt  it  therefore  very  important 
to  the  doctrine  of  electricity,  to  have  both  effects  indicated  by  elec- 
trometers. This  I  obtained  by  the  apparatus  described  in  that 
paper ;  in  which  the  bodies  rubbed  are  spindles  turned  by  a  winch, 
and  various  rubbers  made  to  press  on  the  spindles  by  proper  springs. 
A  small  insulated  prime  conductor  is  connected  by  one  of  its  ex- 
tremities to  the  spindles,  and  by  the  other  with  a  gold-leaf  elec- 
trometer. The  rubbers  are  insulated,  and  each  of  them  when  ap- 
plied is  made  to  communicate  with  a  similar  gold-leaf  electrometer. 

30.  The  constant  result  of  these  experiments  was,  that  the  quantity 
of  plus  on  one  side,  was  equal  to  the  quantity  of  minus  on  the  other. 
Now  the  friction  being  reciprocal,  the  supposition  of  the  opening  of 
the  pores  cannot  explain  that  phenomenon,  since  they  ought  to  be 
opened  equally  in  tlie  rubbing  as  in  the  rubbed  bodies. 

31.  The  effect  of  friction,  as  I  have  said  above,  is  to  set  in  motion 
on  the  surface  of  the  bodies,  and  that,  if  the  body  which  recedes 
from  the  point  of  friction  finds  in  its  way  a  pointed  conductor,  it 
transmits  to  the  latter  a  part  of  that  fluid ;  which  is  the  efiect  of  the 
common  electric  machine :  but  the  same  phenomenon  extends  fur- 
ther ;  for  that  effect  takes  place  between  bodies  of  the  same  kind,  if 
they  be  non-conductors.  This  is  proved  by  Exper.  3,  p.  9,  of  the 
same  number  of  the ''  Philosophical  Journal.^ 

32.  A  flat  piece  of  the  same  glass  as  the  spindle,being  held  at  the 
end  of  a  brass  spring,  and  used  as  a  rubber  on  the  spindle,  holding 
the  brass  part  in  my  hand  near  the  glass,  in  order  to  restore  from 
the  ground  the  electric  fluid  carried  away  to  the  prime  conductor  bY 
the  spindle,  the  gold-leaf  electrometer  diverges  as  positive,  though 
the  rubber  is  of  ths  same  substance  as  the  spindle.  This  is  a  per- 
emptory demonstration  that  the  effect  of  friction  is  not  to  open  the 
pores  for  receiving  more  electric  matter  which  is  discharged  when 
the  friction  ceases,  as  Mr.  Donovan  conceives  it :  since  both  bodies, 
which  in  this  case  exercise  friction  on  each  other,  are  of  the  same 
glass. 

33.  Experiment  4,  p.  10,  shows  that  sealing-wax,  used  as  a  rubber 
over  the  glass  spindle  becomes  strongly  negative,  and  renders  the 
glass  strongly  positive.  And  thus  it  is  directly  proved,  that  the 
cause  of  sealing-wax  being  rendered  negative  by  friction  with  the 
glass,  is  that  the  latter  takes  some  electric  fluid  from  sealing-wax, 
which  effect  could  not  have  been  ascertained  without  the  two  elec- 
trometers. 

34.  Now,  in  Exp.  I,  a  brass  rubber  applied  to  the  glass  cylinder 
is  seen  to  become  negative,  and  the  glass  cylinder  made  positive ; 
but  in  Exp.  6,  having  covered  a  glass  cvlinder  with  a  thick  coating 
of  sealing-wax,  producing  in  fact  a  sealing-wax  cylinder,  the  same 
brass  rubber  was  rendered  positive.  These  experiments  compared 
with  each  other,  further  .demonstrate  the  real  electric  efl^ct  of  fric- 
tion.   But  the  next  experiment  will  pkee  it  beyond  all  doubt 

•  35.  Exp.  8,  is  nuude  with  what  is  caHed  India  bHds,  the  sise  and 
colour  of  a.  cherry :  they  are  made,  as  I  have  been  informed;  of  an- 
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xnspifltated  vegetable  oil,  very  elaiUc»  qot- soluble  in  water.  I  placed 
one  on  a  glaee  spindle,  and  fitted  to  its  ebape  two  nanrow  rubbers, 
one  of  naked  brass,  the  otber  of  brass  covered  with  sealing-wax. 
With  a  very  smaU  motion  of  the  winch,  that  bead  became  negative, 
and  the  naked  brass  robber  became  positive;  but  the  same  bead  be- 
came positive  when  the  brass  rubber  was  coveped  with  sealing-^wax, 
and  this  rubber  was  made  negative^ 

36.  These  experiments  a&rd  a  true  analysis  of  the  electric  effects 
of  friction.  Its  general  effect,  as  1  have  stated,  is  to  set  in  motioii 
the  electric  fluid  residing  on  the  surface  of  the  bodies  which  are 
rubbed ;  and  the  consequence  of  that  effect  is,  .that  the  body  which 
recedes  from  the  point  of  friction  carries  along  with  it  a  pari  of  that 
electric  fluid ;-  which  effect  extends  even  to  the  case  when  the  rub* 
ber  and  the  body  rubbed  are  of  the  same  substance,  when  the  latter 
suddenly  recedes,  and  meets  in  its  way  a  conductor,  before  returning 
to  the  rubber. 

37.  These  experiments  remove  the  difficulty  which  Mr.  Donovan 
found  (p.  339)  to  reconcile  the  (supposed)  equal  distribution  of  the 
electric  fluid  with  the  impermeability  of  glass.  The  equal  distribn-^ 
tion  is  gratuitously  supposed,  since  glass  is  but  an  imperfect  non- 
conductor when  not  covered  with  some  resinous  varnish. 

38.  Mr.  Donovan  says  (p.  345) :  "  As  to  the  fact  whether  glass  is 
actually  impermeable,  many  experimenis  have  been  made;  but  they 
all  appear  to  have  been  of  doubtful  force,  and  may  be  explained  in 
some  manner,  without  supposing  that  electricity  passes  through." 

39.  I  have  made  in  tnis  respect  some  decisive  experiments, 
proving  that  when  a  glasa  rod  transmits  the  electric  fluid  it  is  only 
by  its  surface.  I  used  for  that  purpose  three  glass  rods  of  the  same 
glass  and  the  same  diameter;  one  remaining  naked,  another  co* 
vered  all  over  with  sealing*wax,  the  third  covered  with  sealing-wax, 
with  only  an  interrupdon  in  the  middle  of  its  length.  These  rods 
were  supported  horizontally  on  insulating  pillars  which  left  their 
extremities  accessible  to  the  knob  of  a  Leyden  vial.  I  used  three 
very  sensible  electrometers,  each  having  a  long  brass  conductor  in 
order  to  connect  them  with  the  rods. 

Exp.  1.  Having  placed  the  naked  rod  on  the  pillars,  with  an 
electrometer  at  each  end  and  one  in  the  middle,  and  applied  the 
Leyden  vial  to  one  extremity,  the  electrometer  near  it  first  diverged* 
then  diat  in  the  middle,  and  soon  that  of  the  otiier  extremity,  show-» 
ing  that  some  time  was  required  for  the  propagation  of  the  electric 
fluid,  even  on  the  naked  surface  of  glass. 

Exp.  2.  Having  used  the  rod  entirely  covered  with  sealing-wax, 
a  small  motion  was  produced  in  the  next  electrometer,  by  the  inflo* 
ence  of  the  vial,  but  none  in  the  remoter  electrometer. 

Eap.  3.  The  rod  with  an  interruption  of  the  sealing-wax  in 
the  middle  of  its  length  was  to  be  the  test  If  the  glass  were  per* 
meable  the  electrometer  applied  to  that  part  ought  to  have  been  pot 
in  motion ;  but  if  it  moves  only  along  the  suHbe^  of  theglaai!,  being 
slopped  by  the  seaUog-wax,  the  eleetionieler  applied  to  the  naked 
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part  in  the  middle  cannot  be  pat  in  motion.  The  result  of  the  ei' 
periment  was,  that  whatever  time  the  Leyden  vial  remained  applied 
to  that  extremity,  no  motion  was  produced  in  that  electrometer  any 
more  than  in  that  of  the  other  extremity.  It  is  therefore  demon- 
strated that  glass  is  absolutely  impermeable  to  the  electric  fluid. 

40.  A  very  specious  objection  of  Mr.  Donovan  against  Franklift'» 
doctrine  is  thus  expressed,  p.  349 :  "  Franklin  supposes  that  no  elec- 
tricity can  be  received  on  one  surface,  unless  the  other  can  part  with 
an  equal  quantity.  In  the  case  of  excitation  of  the  common  cylin- 
der, the  inner  surface  having:  no  communication  with  conductors, 
can  part  with  none.  How  then  can  its  outer  surface  receive  the 
the  great  quantity  we  find  in  it  ?*'  The  answer  is  however  obvious, 
for  this  is  the  common  effect  of  friction.  The  cylinder  receives  con- 
stantly electric  fluid  from  the  rubber,  especially  when  this  is  covered 
with  a  metallic  amalgama :  for  it  is  in  communication  with  the  ground* 
In  that  case  it  is  not  necessary  that  the  opposite  surface  of  the  glass 
should  part  with  any  electric  fluid ;  the  whole  process  takes  place 
on  the  outward  surface.  The  rubber  gives  electric  fluid  to  the  glass 
cylinder,  which  parts  constantly  with  it  in  meeting  the  prime  con- 
ductor; but  the  rubber  communicating  with  the  ground,  furnishes 
also  constantly  a  new  quantity  of  the  fluid. 

41.  It  remains  only  to  state  a  very  essential  point  in  electric  phe- 
nomena, namely.  How  does  the  electric  fluid  communicate  itself 
through  space  P  This  was  the  object  of  an  experiment  which  I  made 
in  1774,  in  Mr.  Walsh's  laboratory,  which  experiment  in  the  Orst  vo- 
lume of  my  work,  "  Idees  sur  la  Meteorologie,"  p.  521, 1  left  under 
Mr.  Walsh's  name,  because  he  had  published  it,  without  my  know- 
ledge, in  the  "  Philosophical  Transactions,"  for  1785.  But  these 
experiments  were  concerted  between  Dr.  Franklin  and  myself,  and 
only  in  the  house  and  in  presence  of  Mr.  Walsh,  with  an  apparatus 
of  which  the  description  will  show  the  purpose  and  its  origin. 

42.  In  my  experiments  for  producing  a  truly  comparable  barome- 
ter, repeating  those  of  a  French  academician,  Du  Fay,  for  producing 
light  in  the  vacuum  of  barometers,  an  experiment  related  in  the 
"  Mem.  de  PAcademie  des  Sciences  de  Paris,''  for  1723, 1  found,  as 
has  been  explained  in  my  work,  "  Recherches  sur  les  ModiOcations 
de  I'Atmospn^re,"  tom.  i,  p.  43,  that  when  the  Torricellian  vacuum 
was  procured  by  making  the  mercury  boil  in  the  tube,  no  light  ap- 
peared at  the  top  of  the  barometer;  whence  I  concluded  that  a  pei> 
feet  vacuum  was  not  a  conductor  of  the  electric  fluid. 

43.  Having  expressed  this  idea  to  Dr.  Franklin,  he  proposed 
to  me  an  experiment,  very  difficult  to  execute,  but  whicn  he  en- 
couraged me  to  undertake.  The  apparatus  consisted  of  a  glass 
syphon,  the  legs  of  which  were  about  three  feet  distant  from  each 
other;  the  curve  began  about  three  inches  above  the  point  at  which 
stood  the  common  barometer,  at  that  moment  When  the  syphon 
was  filled  with  mercury  it  was  inverted,  with  its  two  legs  plunged 
into  separate  cups,  each  resting  on  an  insulating  stand :  these  cups 
received  the  mercury  descending  from  the  upper  curve,  and  the 
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colamn  thus  separating,  there  were  two  barometen  with  a  common 
vacuum. 

44.  In  that  situation,  when  a  spark  was  given  with  a  Leyden  vial 
to  one  of  the  cups,  a  luminous  arch  was  seen  filling  the  top  of  the 
syphon,  and  ajspark  could  be  drawn  from  the  other  cup,  thus  show- 
ing that  it  was  J0ll  a  conductor  of  the  electric  fluid. 

45.  There  remained  to  be  performed  the  second  part  of  the 
experiment  and  the  most  difficult,  namely,  to  have  the  mercury  boil 
in  that  long  syphon.  I  succeeded  in  this  operation ;  and  when  the 
syphon  was  placed  with  its  legs  in  the  cups,  that  complete  vacuum 
ceased  to  be  a  conductor.  The  rain  sparks  were  given  to  one  cup, 
none  was  drawn  from  the  other. 

46.  This  experiment  convinced  Dr.  Franklin  of  my  system,  that 
the  electric  fluid  was  a  sort  of  parasite  substance,  which,  on  our 
globe  and  its  atmosphere,  was  distributed  on  all  other  matters,  and 
nowhere  accumulated  so  as  to  produce  lightnings,  and  their  common 
attendants  thunders ;  but  that  these  phenomena  proceed  from  the 
decomposition  of  the  atmospheric  air  by  a  certain  process,  which 
manifests  that  the  electric  fluid  enters  into  the  composition  of  that 
air,  a  fluid  tui  aeneru,  and  not  a  mixture  of  different  kinds  of  air,  as 
it  was  supposed  in  the  new  chemical  theory.  Which  conclusion  of 
my  long  course  of  experiments  serves  as  the  basis  of  my  work  under 
the  title  of  "  Introduction  d  la  Physique  terrestre  par  les  Fluides 
Expansibles.'' 


Opinions  and  Conjectures  concerning  the  Properties  and  Effects  of 
the  Electrical  Matter,  arising  from  Experiments  and  Observationt 
made  at  Philadelphia,  1794.* 

1.  The  electrical  matter  consists  of  particles  extremely  subtle, 
since  it  can  permeate  common  matter,  even  the  densest  metals,  with 
such  ease  and  freedom  as  not  to  receive  any  perceptible  resistance. 

2.  If  any  one  should  doubt  whether  the  electrical  matter  passes 
through  the  substance  of  bodies,  or  only  over  and  along  their  sur- 
faces, a  shock  from  an  electrified  large  glass  jar,  taken  through  his 
own  body,  will  probably  convince  him. 

3.  Electrical  matter  differs  from  common  matter  in  this,  that  the 
parts  of  the  latter  mutually  attract,  those  of  the  former  mutually  re- 
pel each  other.  .  Hence  die  appearing  divergency  in  a  stream  of 
electrified  efiluvia. 

4.  But  though  the  particles  of  electrical  matter  do  repel  each 
other,  they  are  strongly  attracted  by  all  other  matter,  f 

5.  From  these  three  things,  the  extreme  subtilty  of  the  electrical 
matter,  the  mutual  repulsion  of  its  parts,  and  the  strong  attraction 

*  From  «« Franklin's  Experiments  in  Electridty." 

t  See  the  ingenious  •«  Essays  on  Eleetricity,"  in  the  ^*  Transactions,"  by 
^.  EUieot. 
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between  them  and  other  matter,  arise  thif  effect,  that  when  a  qoan- 
tity  of  electrical  matter  is  applied  to  a  mass  of  common  matter,  of 
any  bigness  or  length,  within  onr  observation  (which  hath  not 
already  got  its  quantity),  it  is  immediately  and  equally  diffused 
through  the  whole  body. 

6.  Thus  common  matter  is  a  kind  of  spnnge  to  the  electrical 
fluid.  And  as  a  spunge  would  receive  no  water  if  the  parts  of  wa** 
ter  were  not  smaller  than  the  pores  of  a  spunge  ;  and  even  then  bot 
slowly,  if  there  were  not  a  mutual  attraction  between  those  parts 
and  tibie  parts  of  the  spunge ;  and  would  imbibe  it  faster,  if  the  mu* 
tual  attraction  among  the  parts  of  the  water  did  not  impede,  some 
force  being  required  to  separate  them  ;  and  fastest,  if,  instead  of  at- 
traction, there  were  a  mutual  repulsion  among  those  parts,  which 
would  act  in  conjunction  with  the  attraction  of  the  spunge.  So  is 
the  case  between  the  electrical  and  common  matter. 

7.  But  in  common  matter  there  is  (generally)  as  much  of  the 
electrical  as  it  will  contain  within  its  substance.  If  more  is  added 
it  lies  without  upon  the  surface,  and  forms  what  we  call  an  electrical 
atmosphere ;  and  then  the  body  is  said  to  be  electrified. 

8.  'Tis  supposed  that  all  kinds  of  common  matter  do  not  attract 
and  retain  the  electrical  matter  with  equal  strength  and  force,  for 
reasons  to  be  given  hereafter.  And  that  those  called  electrics  p«r 
«£,  as  glass,  &c.,  attract  and  retain  it  strongest,  and  contain  the 
greatest  quantity. 

9.  We  know  that  the  electrical  fluid  is  in  common  matter,  because 
we  can  pump  it  out  by  the  globe  or  tube.  We  know  that  common 
matter  has  near  as  miich  as  it  can  contain,  because,  when  we  add  a 
little  more  to  any  portion  of  it,  the  additional  quantity  does  not  en- 
ter, but  forms  an  electrical  atmosphere.  And  we  know  that  com- 
mon matter  has  not  (generally)  more  than  it  can  contain,  otherwise 
all  loose  portions  of  it  would  repel  each  other,  as  they  constantly  do 
when  they  have  electric  atmospheres. 

10.  The  beneficial  uses  of  this  electric  fluid  in  the  creation  we 
are  not  yet  well  acquainted  with,  though  doubtless  such  there  are, 
and  those  veiy  considerable ;  but  we  may  see  some  pernicious  con- 
sequences that  would  attend  a  much  greater  proportion  of  it.  For 
bad  this  globe  we  live  on  as  much  of  it  in  proportion  as  we  can  give 
to  a  globe  of  iron,  wood,  or  the  like,  the  particles  and  other  light 
matters  that  can  get  loose  from  it,  would,  by  virtue  of  their  separate 
electrical  atmospheres,  not  only  repel  each  other,  but  be  repelled 
from  the  earth,  and  not  easily  be  brought  to  unite  to  it  again ; 
whence  our  air  would  continually  be  more  and  more  clogged  with 
foreign  matter,  and  grow  imfit  for  respiration.  This  affords  ano- 
ther occasion  of  adoring  that  wisdom  which  has  made  all  things  by 
weight  and  measure ! 

11.  If  a  piece  of  common  matter  be  supposed  entirely  finee  from 
electrical  matter,  and  a  single  particle  of  the  latter  be  brought  nigh, 
it  will  be  attracted,  and  enter  Uie  body,  and  take  place  in  tiM  centre. 
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t>r  where  the  attraction  is  in  every  way  equal.  If  more  particles 
enter,  they  take  their  places  where  the  balance  is  equal  between  the 
attraction  of  the  common  matter  and  their  own  mutual  repulsion. 
'Tis  supposed  they  form  triangles,  whose  sides  shorten  as  their  num- 
ber increases,  till  the  common  matter  has  drawn  in  so  many,  that 
its  whole  power  of  compressing  those  triangles  by  attraction,  is  equal 
to  their  whole  power  of  expanding  themselves  by  repulsion,  and  Uien 
will  such  piece  of  matter  receive  no  more, 

12.  When  part  of  this  natural  proportion  of  electrical  fluid  is 
taken  out  of  a  piece  of  common  matter,  the  triangles  formed  by  the 
remainder  are  supposed  to  widen  by  the  mutual  repulsion  of  the 
parts,  until  they  occupy  the  whole  piece. 

18.  When  the  quantity  of  electrical  fluid,  taken  from  a  piece  of 
common  matter,  is  restored  again,  it  enters  ;  the  expanded  triangles 
being  again  compressed  till  there  is  room  for  the  whole. 
•  14.  To  explain  this :  take  two  apples,  or  two  balls  of  wood  or 
other  matter,  each  having  its  own  natural  quantity  of  the  electrical 
fluid.  Suspend  them  by  silk  lines  from  the  ceiling.  Apply  the 
wire  of  a  well  charged  vial  held  in  your  hand  to  one  of  them, 
and  it  will  receive  from  the  wire  a  quantity  of  the  electrical  fluid  ; 
but  will  not  imbibe  it,  being  already  fiiU.  The  fluid  therefore  will 
flow  round  its  surface,  and  form  an  electrical  atmosphere.  Bring 
A  into  contact  with  b,  and  half  the  electrical  fluid  is  communicated, 
so  that  each  has  now  an  electrical  atmosphere,  and  therefore  they 
repel  each  other.  Take  away  these  atmospheres,  by  touching  the 
bdls,  and  leave  them  in  their  natural  state :  then,  having  flxed  a 
stick  of  sealing-wax  to  the  middle  of  the  vial  to  hold  it  by,  apply 
the  wire  to  a,  at  the  same  time  the  coating  touches  b.  Thus  will 
a  quantity  of  the  electrical  fluid  be  drawn  out  of  b,  and  thrown  on 
A.  So  that  A  will  have  a  redundance  of  this  fluid,  which  forms  an 
atmosphere  round  it,  and  b  an  exactiy  equal  deflciency.  Now, 
bring  these  balls  again  into  contact,  and  the  electrical  atmosphere 
will  not  be  divided  between  a  and  b  into  two  smaller  atmospheres 
as  before,  for  b  will  drink  up  the  whole  atmosphere  of  a,  and  both 
wifl  be  found  again  in  their  natural  state. 

15.  The  form  of  the  electrical  atmosphere  is  that  of  the  body  it 
surrounds.  This  shape  may  be  rendered  visible  in  a  still  air,  by 
raising  a  smoke  from  dry  rosin  dropt  into  a  hot  tea-spoon  under  the 
electrised  body,  which  will  be  attracted,  and  spread  itself  equally  on 
all  sides,  covering  and  concealing  the  body.  And  this  form  it  takes 
because  it  is  attracted  by  all  parts  of  the  surfiice  of  the  body,  though 
it  cannot  enter  the  substance  already  replete.  Without  this  attrac- 
tion, it  would  not  remain  round  the  body,  but  dissipate  in  the  air. 

16.  The  atmosphere  of  electrical  particles  surrounding  an  electri- 
fied sphere,  is  not  more  disposed  to  leave  it,  or  more  easily  drawn  off 
from  any  one  part  of  tiie  sphere  than  another,  because  it  is  equally 
attracted  by  every  part.  But  that  is  not  the  case  with  bodies  of  any 
otiier  figure.     From  a  cube  it  is  more  easily  drawn  at  the  comers 
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than  at  the  plane  aides,  and  so  from  the  angles  of  a  body  of  anj 
other  form,  and  still  most  easily  from  the  angle  that  is  most  acute. 
Thus  if  a  body  shaped  as  a,  b,  c,  d,  b,  in  Fig.  2,  Plate  2,  be  electrified, 
or  have  an  electrical  atmosphere  communicated  to  it,  and  we  consider 
every  side  as  a  base  on  which  the  particles  rest,  and  by  which  they 
are  attracted,  one  may  see,  by  imagining  a  line  from  a  to  f,  and 
another  from  e  to  o,  ^at  the  portion  of  the  atmosphere  included  in 
F,  A,  B,  o,  has  the  line  a,  e,  for  its  basis.     So  the  portion  of  atmo- 
sphere included  in  h,  a,  b,  i,  has  the  line  a,  b,  for  its  basis.     And 
likewise  the  portion  included,  in  k,  b,  c,  l,  has  b,  c,  to  rest  on ;  and 
80  on  the  other  side  of  the  figure.     Now  if  you  would  draw  off  this 
atmosphere  with  any  blunt  smooth  body,  and  approach  the  middle  of 
the  side  a,  b,  you  must  come  very  near,  before  the  force  of  your 
attractox  exceeds  the  force  or  power  with  which  that  side  hdda  its 
atmosphere.     But  there  is  a  small  portion  between  i,  b,  k,  that  has 
less  of  the  surface  to  rest  on,  and  to  be  attracted  by,  than  the  neigh- 
bouring portions,  while  at  the  same  time  there  is  a  mutual  repulsion 
between  its  particles,  and  the  particles  of  those  portions,  therefore 
here  you  can  get  it  with  more  ease,  or  at  a  greater  distance.     Be- 
tween F,  A,  H,  tiiere  is  a  larger  portion  that  has  yet  a  less  surface  to 
rest  on,  and  to  attract  it ;  here  therefore  you  can  get  it  away  still 
more  easily.     But  easiest  of  all  between  l,  c,  m,  where  the  quantity 
is  largest,  and  the  surface  to  attract  and  keep  it  back  the  least. 
When  you  have  drawn  away  one  of  these  angular  portions  of  the 
fluid,  another  succeeds  in  its  place,  from  the  nature  of  fluidity,  and 
the  mutual  repulsion  before  mentioned ;  and  so  the  atmosphere 
continues  flowing  off  at  such  angle,  like  a  stream,  till  no  more  is 
remaining.     The  extremities  of  the  portions  of  atmosphere  over 
these  angular  parts,  are  likewise  at  a  greater  distance  from  the 
electrified  body,  as  may  be  seen  by  the  inspection  of  the  above  figure ; 
the  point  of  the  atmo^here  of  the  angle  c,  being  much  farther  from 
c,  than  any  other  part  of  the  atmosphere  over  the  lines  c,  b,  or  b, 
A  :  and,  besides  the  distance  arising  from  the  nature  of  the  figure, 
where  the  attraction  is  less,  the  particles  will  naturally  expand  to 
a  greater  distance  by  their  mutual  repulsion.     On  these  accounts 
we   suppose  electrified  bodies  discharge  their  atmosphere   upon 
unelectrified  bodies  more  easily,  and  at  a  greater  distance  from  their 
angles  and  points  than  from  their  smooth  sides.     Those  points  will 
also  discharge  into  the  air  when  the  body  has  too  great  an  electrical 
atmosphere,  without  bringing  any  non-electric  near  to  receive  what 
is  thrown  off:  for  the  air,  though  an  electric  per  se,  yet  has  alwajrs 
more  or  less  water  and  other  non-electric  matters  mixed  with  it : 
and  Uiese  attract  and  receive  what  is  so  discharged. 

17.  But  points  have  a  property  by  which  they  draw  on  as  well 
as  throw  off  the  electrical  fluid  at  greater  distances  than  blunt 
bodies  can.  That  is,  as  the  pointed  part  of  an  electrified  body  will 
discharge  the  atmosphere  of  that  body,  or  communicate  it  farthest 
to  anotiber  body,  so  the  point  of  an  unelectrified  body  will  draw 
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off  the  electrical  atmosphere  from  an  electrified  body,  farther 
than  a  blunter  part  off  the  same  unelectrified  body  will  do.  Thus 
a  pin  held  by  the  head,  and  the  point  presented  to  an  electrified 
body,  will  draw  off  its  atmosphere  at  a  foot  distance  ;  where,  if  the 
head  were  presented  instead  of  the  point,  no  such  effect  would  follow. 
To  understand  this,  we  may  consider  that  if  a  person  standing  on 
the  fioor  would  draw  off  the  electrical  atmosphere  from  an  electrified 
body,  an  iron  crow  and  a  blunt  knitting-needle  held  alternately  in 
his  hand,  and  presented  for  that  purpose,  do  not  draw  with  different 
forces  in  proportion  to  their  different  masses.  For  the  man,  and 
what  he  holds  in  his  hand,  be  it  large  or  small,  are  connected  with 
the  common  mass  of  unelectrified  matter  ;  and  the  force  with  which 
he  draws  is  the  same  in  both  cases,  it  consisting  in  the  different 
proportion  of  electricity  in  the  electrified  body  and  that  common 
mass.  But  the  force  with  which  the  electrified  body  retains  its 
atmosphere  by  attracting  it,  is  proportioned  to  the  surface  over  which 
the  particles  are  placed ;  i.e.,  four  square  inches  of  that  surface  re- 
tain their  atmosphere  with  four  times  the  force  that  one  square  inch 
retains  its  atmosphere.  And  as  in  plucking  the  hairs  from  the 
horse's  tail,  a  degree  of  strength  not  sufi&cient  to  pull  away  a  hand- 
ful at  once,  could  yet  easily  strip  it  hair  by  hair  ;  so  a  blunt  body 
presented  cannot  draw  off  a  number  of  particles  at  once,  but  a 
pointed  one,  with  no  greater  force,  takes  them  away  easily,  particle 
by  particle. 

18.  These  explanations  of  the  power  and  operation  of  points 
when  they  first  occurred  to  me,  and  while  they  first  floated  in  my 
mind,  apiared  perfectly  satisfkctory ,  but  now^I  ha.e  written  thenj 

,  and  considered  them  more  closely,  I  must  own  I  haye  some  doubts 
about  them ;  yet,  as  I  haye  at  present  nothing  better  to  offer  in 
their  stead,  I  do  not  cross  them  out :  for  eyen  a  bad  solution  read, 
and  its  faults  discoyered,  has  often  giyen  rise  to  a  good  one,  in  the 
mind  of  an  ingenious  reader. 

19.  Nor  is  it  of  much  importance  to  us  to  know  the  manner  in 
which  nature  executes  her  laws ;  it  is  enough  if  we  know  the  laws 
themselyes.  It  is  of  real  use  to  know  that  china  left  in  the  air  un- 
supported will  fall  and  break ;  but  how  it  comes  to  fall,  and  why  it 
breaks,  are  matters  of  speculation.  It  is  a  pleasure  indeed  to  know 
them,  but  we  can  preserye  our  china  without  it. 

20.  Thus  in  the  present  case,  to  know  this  power  of  points  may 
possibly  be  of  some  use  to  mankind,  though  we  should  neyerbe  able 
to  explain  it.  The  following  experiments,  as  well  as  those  in  my  first 
paper,  show  this  power.  I  haye  a  large  prime  conductor,  made  of  seyeral 
thm  sheets  of  clothier's  pasteboard,  formed  into  a  tube,  near  ten 
feet  long  and  a  foot  diameter.  It  is  coyered  with  Dutch  embossed 
paper,  almost  totally  gilt.  This  large  metallic  surface  supports  a  much 
greater  electrical  atmosphere  than  a  rod  of  iron  of  fifty  times  the 
weight  would  do.  It  is  suspended  by  silk  lines,  and  when  charged 
will  strike  at  near  two  inches  distance  a  pretty  hard  stroke,  so  as  to 
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make  one's  knuckle  ache.  Let  a  person  standing  on  the  floor  pie^ 
sent  the  point  of  a  needle  at  twelve  or  more  inches  distance  from  i^ 
and  while  the  needle  is  so  presented,  the  conductor  cannot  he 
charged,  the  point  drawing  off  the  fire  as  fast  as  it  is  thrown  on  bj 
the  electrical  globe.  Let  it  be  charged,  and  then  present  the  point 
at  the  same  distance,  and  it  will  suddenly  be  discharged.  In  the 
dark  you  may  see  the  light  on  the  point  when  the  experiment  is 
made ;  and  if  the  person  holding  the  point  stands  upon  wax,  he 
will  be  electrified  by  receiving  ti^e  fire  at  that  distance.  Attempt 
to  draw  off  the  electricity  with  a  blunt  body,  as  a  bolt  of  iron  round 
at  the  end  and  smooth  (a  silversmith's  iron  punch,  inch  thick,  is 
what  I  use),  and  you  must  bring  it  within  the  distance  of  three 
inches  before  you  can  do  it,  and  then  it  is  done  with  a  stroke  and  crack. 
As  the  pasteboard  tube  hangs  loose  on  silk  lines,  when  you  approach 
it  with  the  punch  iron,  it  likewise  will  move  towards  the  punch, 
being  attracted  while  it  is  charged  ;  but  if,  at  the  same  instant,  a 
point  be  presented  as  before,  it  retires  again,  for  the  point  dis- 
charges it.  Take  a  pair  of  large  brass  scales,  of  two  or  more  feet 
beam,  the  cords  of  Ihe  scales  being  silk.  Suspend  the  beam  by  a 
pack-thread  from  the  ceiling,  so  that  the  bottom  of  the  scales  may 
be  about  a  foot  from  the  floor :  the  scales  will  move  round  in  a 
circle  by  the  untwisting  of  the  pack-thread.  Set  the  iron  punch 
on  the  end  upon  the  floor,  in  such  a  place  as  that  the  scales  may  pass 
over  it  in  making  their  circle :  then  electrify  one  scale,  by  applying 
the  wire  of  a  charged  vial  to  it.  As  they  move  round,  you  see  that 
scale  draw  nigher  to  the  floor,  and  dip  more  when  it  comes  over  the 
punch ;  and  if  that  be  placed  at  a  proper  distance,  the  scale  wUl 
snap  and  discharge  its  fire  into  it  But  if  a  needle  be  stuck  on  the 
end  of  the  punch,  its  point  upwards,  the  scale,  instead  of  drawing 
nigh  to  the  punch,  and  snapping,  discharges  its  fire  silently  through 
the  point,  and  rises  higher  from  the  punch.  Nay,  even  if  the  needle 
be  placed  upon  the  floor  near  the  punch,  its  point  upwards,  the  end 
of  the  punch,  though  so  much  higher  than  the  needle,  will  not 
attract  the  scale  and  receive  its  flre,  for  the  needle  will  get  it  and 
convey  it  away,  before  it  comes  nigh  enough  for  the  punch  to  act. 
And  this  is  constantly  observable  in  these  experiments,  that  the 
greater  quantity  of  electricity  on  the  pasteboard  tube,  the  farther  it 
strikes  or  discharges  its  flre,  and  the  point  likewise  will  draw  it  off 
at  a  still  greater  d^tance. 

Now  if  the  flre  of  electricity  and  that  of  lightning  be  the  same,  as 
I  have  endeavoured  to  show  at  large  in  a  former  paper*  this  paste- 
board tube  and  these  scales  may  respresent  electxiSSed  clouds.  U  a 
tube  of  only  ten  feet  long  will  strike  and  discharge  its  fire  on  the 
punch  at  two  or  three  inches  distance,  an  electrified  cloud  of  perhaps 
10,000  acres  may  strike  and  discharge  on  .the  earth  at  a  propor- 
tionally greater  distance.  The  horizontal  motion  of  the  scales 
Over  the  floor,  may  represent  the  motion  of  the  clouds  over  the 
earth ;  and  the  erect  iron  punch,  a  hill  or  high  building ;  and  then 
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we  see  how  electrified  clouds  passing  over  hills  or  high  buildings  at 
too  great  a  height  to  strike,  and  may  be  attracted  lower  till  within 
their  striking  distance.  And  lastlj,  if  a  needle  fixed  on  the  punch 
with  its  point  upright,  or  even  on  the  floor  below  tlie  punch,  wilt 
draw  the  fire  from  the  scale  silently  at  a  much  greater  than  the 
striking  distance,  and  so  prevent  its  descending  towards  the  punch ; 
or  if  in  its  course  it  would  have  come  nigh  enough  to  strike,  yet 
being  first  deprived  of  its  fire  it  cannot,  and  the  punch  is  thereby 
secured  from  the  stroke.  I  say,  if  these  things  are  so,  may  not  the 
knowledge  of  this  power  of  points  be  of  use  to  mankind,  in  pre- 
serving houses,  churches,  ships,  &c.,  from  the  stroke  of  lightning,  by 
directing  us  to  fix  on  the  highest  parts  of  those  edifices,  upright 
rods  of  iron  made  sharp  as  a  needle,  and  gilt  to  prevent  rusting,  and 
from  the  foot  of  those  rods  a  wire  down  the  outside  of  the  building 
into  the  ground,  or  down  round  one  of  the  shrouds  of  a  ship,  and 
down  her  side  till  it  reaches  the  water  ?  Would  not  these  pointed 
rods  probably  draw  the  electrical  fire  silently  out  of  a  cloud  before 
it  came  nigh  enough  to  strike,  and  thereby  secure  us  from  that  most 
sudden  and   terrible  mischief. 

21.  To  determine  the  question  whether  the  clouds  that  contain 
lightning  are  electrified  or  not,  I  would  propose  an  experiment  to 
be  tried  where  it  may  be  done  conveniently.  On  the  top  of  some  high 
tower  or  steeple,  place  a  kind  of  sentry-box,  big  enough  to  contain  a 
man  and  an  electrical  stand.  From  the  middle  of  the  stand  let  an 
iron  rod  rise  and  pass  bending  out  of  the  door,  and  then  upright 
twenty  or  thirty  feet,  pointed  very  sharp  at  the  end.  If  the  electrical 
stand  be  kept  clean  and  dry,  a  man  standing  on  it  when  such  clouds 
are  passing  low  might  be  electrified  and  afford  sparks,  the  rod 
drawing  fire  to  him  from  a  cloud.  If  any  danger  to  the  man  should 
be  apprehended  (though  I  think  there  would  be  none)  let  him  stand 
on  the  fioor  of  his  box,  and  now  and  then  bring  near  to  the  rod  the 
loop  of  a  wire  that  has  one  end  fastened  to  the  leads,  he  holding  it 
by  a  wax  handle  ;  so  the  sparks,  if  the  rod  is  electrified,  will  strike' 
from  the  rod  to  the  wire,  and  not  affect  him.    See  Fig.  3,  plate  II. 

22.  Before  I  leave  this  subject  of  lightning,  I  may  mention  some 
other  similarities  between  the  effects  of  that,  and  those  of  electricity. 
Lightning  has  often  been  known  to  strike  people  blind.  A  pigeon 
that  we  struck  dead  to  appearance  by  the  electrical  shock,  recovering 
life,  drooped  about  the  yard  several  days,  eat  nothing,  though 
crumbs  were  thrown  to  it,  but  declined  and  died.  We  did  not  think 
of  its  being  deprived  of  sight ;  but  afterwards  a  pullet  struck  dead 
in  like  manner,  being  recovered  by  repeatedly  blowing  into  its 
lungs,  when  set  dovm  on  the  fioor  ran  headlong  against  the  wall, 
and  on  examination  appeared  perfectly  blind.  Hence  we  concluded 
that  the  pigeon  also  had  been  absolutely  blinded  by  the  shock.  The 
biggest  animal  we  have  yet  killed,  or  tried  to  kiU  with  the  electrical 
stroke,  was  a  well-grown  pullet. 

23.  Reading  in  the  ingenious  Dr.  Miles's  account     of  the  thunder 
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storm  at  Stretliam,  the  effect  of  the  lightning  in  the  stripping  off  all  the' 
paint  that  had  covered  a  gilt  moulding  of  a  pannel  of  wainscot,  without 
hurting  the  rest  of  the  paint,  I  had  a  mind  to  lay  a  coat  of  paint  over 
the  filletting  of  gold  on  the  cover  of  a  book,  and  try  the  effect  of  a 
strong  electrical  flash  sent  through  that  gold  from  a  charged  sheet 
of  glass.  But  having  no  paint  at  hand,  I  pasted  a  narrow  strip  of 
paper  over  it ;  and  when  dry,  sent  the  flash  through  the  gilding,  by 
which  the  paper  was  torn  off  from  end  to  end,  with  such  force,  that 
it  was  broke  in  several  places,  and  in  others  brought  away  part  of 
the  grain  of  the  Turkey-leather  in  which  it  was  bound ;  and  con- 
vinced me,  that  had  it  been  painted,  the  paint  would  have  been  stript 
off  in  the  same  manner  with  that  on  the  wainscot  at  Stretham. 

24.  Lightning  melts  metals,  and  I  hinted  in  my  paper  on  that 
subject,  that  I  suspected  it  to  be  a  cold  fusion  ;  I  do  not  mean  a  fu- 
sion by  force  of  cold,  but  a  fusion  without  heat.  We  have  also 
melted  gold,  silver,  and  copper,  in  small  quantities  by  the  electrical 
flash.     The  manner  is  this :  Take  a  gold  leaf,  leaf  silver,  or  leaf  gilt  ' 

copper,  commonly  called  leaf  brass,  or  Dutch  gold ;  cut  off  from 
the  leaf  long  narrow  strips,  the  breadth  of  a  straw.  Place  one  of 
these  strips  between  two  strips  of  smooth  glass  that  are  about  the 
width  of  your  finger.  If  one  strip  of  gold,  the  length  of  the  leaf, 
be  not  long  enough  for  the  glass,  add  another  to  the  end  of  it,  so  , 

that  you  may  have  a  little  part  hanging  out  loose  at  each  end  of  the 
glass.  Bind  the  pieces  of  glass  together  from  end  to  end  with  strong 
silk  thread  ;  then  place  it  so  as  to  be  part  of  an  electrical  circuit 
(the  ends  of  gold  hanging  out  being  of  use  to  join  with  the  other 
parts  of  the  circuit),  and  send  the  flash  through  it,  from  a  large 
electrified  jar  or  sheet  of  glass.  Then  if  your  strips  of  glass  remain 
whole,  you  will  see  that  the  gold  is  missing  in  several  places,  and 
instead  of  it  a  metallic  stain  on  both  the  glasses ;  the  stains  on  the 
upper  and  under  glass  exactly  similar  in  the  minutest  stroke,  as  may 
be  seen  by  holding  them  to  the  light ;  the  metal  appeared  to  have 
been  not  only  melted,  but  even  vitj^fied,  or  otherwise  so  driven  into 
the  pores  of  the  glass  as  to  be  protected  by  it  from  the  action  of  the 
strongest  aqua  fortis  or  aqua  regia,  I  send  you  enclosed  two 
little  pieces  of  glass  with  these  metallic  stains  upon  them,  which 
cannot  be  removed  without  taking  part  of  the  glass  with  them. 
Sometimes  the  stain  spreads  a  little  wider  than  the  breadth  of  the 
leaf,  and  looks  brighter  at  the  edge,  as  by  inspecting  closely 
you  may  observe  in  these.  Sometimes  the  glass  breaks  to  pieces ; 
once  the  upper  glass  broke  into  a  thousand  pieces,  looking  like 
coarse  salt.  These  pieces  I  send  you  were  stained  with  Dutch  gold. 
True  gold  makes  a  darker  stain,  somewhat  reddish  ;  silver  a 
greenish  stain.  We  once  took  two  pieces  of  thick  looking-glass,  as 
broad  as  a  Gunter's  scale,  and  six  inches  long ;  and  placing  leaf 
gold  between  them,  put  them  between  two  smoothly-planed  pieces 
of  wood,  and  fixed  them  tight  in  a  bookbinder's  smaJl  press ;  yet 
though  they  were  so  closely  confined,  the  force  of  the  electrical  shock 
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shivered  the  glass  into  many  pieces.  The  gold  was  melted,  and 
stained  into  the  glass,  as  usual.  The  circumstances  of  the  hreaking 
of  the  glass  differ  much  in  making  the  experiment,  and  sometimes  it 
does  not  break  at  all :  but  this  is  constant,  that  the  stains  in  the  up* 
per  and  under  pieces  are  exact  counterparts  of  each  other.  And 
though  I  have  taken  up  the  pieces  of  glass  between  my  fingers  im- 
mediately after  this  melting,  I  never  could  perceive  the  least  warmth 
in  them. 

25.  In  one  of  my  former  papers,  I  mentioned,  that  gilding  on  a 
book,  though  at  first  it  communicated  the  shock  perfectly  well,  yet 
failed  after  a  few  experiments,  which  we  could  not  account  for.  We 
have  since  found  that  one  strong  shock  breaks  the  continuity  of  the 
gold  in  the  fiUetting,  and  makes  it  look  rather  like  dust  of  gold, 
abundance  of  its  parts  being  broken  and  driven  ofi*;  and  it  will  sel- 
dom conduct  above  one  strong  shock.  Perhaps  this  may  be  the 
reason :  When  there  is  not  a  perfect  continuity  in  the  circuit,  the 
fire  must  leap  over  the  vacancies  :  There  is  a  certain  distance  which . 
it  is  able  to  leap  over  according  to  its  strength ;  if  a  number  of 
small  vacancies,  though  each  be  very  minute,  taken  together  exceed 
that  distance,  it  cannot  leap  over  ihem,  and  so  the  shock  is  pre- 
vented. 

26.  From  the  before-mentioned  law  of  electricity,  that  points  as 
they  are  more  or  less  acute,  draw  on  and  throw  ofi*  die  electrical  fluid 
with  more  or  less  power,  and  at  greater  or  less  distances,  and  in 
larger  or  smaller  quantities  in  the  same  time,  we  may  see  how  to 
account  for  the  situation  of  the  leaf  of  gold  suspended  between  two 
plates,  the  upper  one  continually  electrified,  the  under  one  in  a 

«  person's  hand  standing  on  the  floor.  When  the  upper  plate  is 
electrified,  the  leaf  is  attracted,  and  raised  towards  it,  and  would  fly 
to  that  plate  were  it  not  for  its  own  points.  The  corner  that  happens 
to  be  uppermost  when  the  leaf  is  rising,  being  a  sharp  point,  from 
the  extreme  thinness  of  the  gold,  draws  and  receives  at  a  distance  a 
suflicient  quantity  of  the  electric  fluid  to  give  itself  an  electric  atmos- 
phere, by  which  its  progress  to  the  upper  plate  is  stopt,  and  it 
begins  to  be  repelled  from  that  plate,  and  would  be  driven  back  to 
the  under  plate,  but  that  its  lowest  corner  is  likewise  a  point,  and 
throws  ofl*  or  discharges  the  overplus  of  the  leaf's  atmosphere,  as 
fast  as  the  upper  corner  draws  it  on.  Were  these  two  points 
perfectly  equal  in  acuteness,  the  leaf  would  take  place  exactly  in 
the  middle  space,  for  its  weight  is  a  trifle  compared  to  the  power 
acting  on  it :  but  it  is  generally  nearest  the  unelectrified  plate,  be- 
cause, when  the  leaf  is  oflered  to  the  electrified  plate,  at  a  distance, 
the  sharpest  point  is  commonly  first  aflected  and  raised  towards 
it ;  so  that  point,  from  its  greater  acuteness,  receiving  the  fluid  faster 
than  its  opposite  can  discharge  it  at  equal  distances,  it  retires  from 
the  electrified  plate,  and  draws  nearer  to  the  unelectrified  plate,  till 
it  comes  to  a  distance  where  the  discharge  can  be  exactly  equal  to 
the  receipt,  the  latter  being  lessened,  and  the  former  increased ;  and 
cc2 
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there  it  remains  as  long  as  the  globe  continues  to  supply  fresh  elec- 
trical matter.  This  will  appear  plain,  when  the  difference  of  acute- 
ness  in  the  comers  is  made  very  great.  Cut  a  piece  of  Dutch  gold» 
(which  is  fittest  for  these  experiments  on  account  of  its  greater 
strength)  into  the  form  of  Fig.  4,  the  upper  corner  a  right  angle, 
the  two  next  obtuse  angles,  and  the  lowest  a  very  acute  one ;  and 
bring  this  on  your  plate  under  the  electrified  plate,  in  such  a  manner 
as  that  the  right-angled  part  may  be  first  raised  (which  is  done  by 
covering  the  acute  part  with  the  hollow  of  your  hand)  and  you  wiU 
see  this  leaf  take  place  much  nearer  to  the  upper  than  the  under 
plate;  because  without  being  nearer,  it  cannot  receive  so  fast  at 
its  right-angled  point  as  it  can  discharge  at  its  acute  one.  Turn 
this  leaf  with  the  acute  part  uppermost,  and  then  it  takes  place  near- 
est the  unelectrified  plate ;  because,  otherwise,  it  receives  faster  at 
its  acute  point  than  it  can  discharge  at  its  right-angled  one.  Thus 
the  difference  of  distance  is  always  proportioned  to  the  difference  of 
acuteness.  Take  care  in  cutting  your  leaf,  to  leave  no  little  ragged 
particles  on  the  edges,  which  sometimes  form  points  where  you 
would  not  have  them.  You  may  make  this  figure  so  acute  below, 
and  blunt  above,  as  to  need  no  under  plate,  it  discharging  fast 
enough  into  the  air.  When  it  is  made  narrower,  as  the  figure  be- 
tween the  pricked  lines,  we  call  it  the  golden  fish,  from  its  manner 
of  acting.  For  if  you  take  it  by  the  tail,  and  hold  it  at  a  foot  or 
greater  horizontal  distance  from  the  prime  conductor,  it  will  when 
let  go,  fly  to  it  with  a  brisk  but  wavering  motion,  like  that  of  an 
eel  through  the  water ;  it  will,  then,  take  place  under  the  prime 
conductor,  at  perhaps  a  quarter  or  half  an  inch  distance,  and  keep  a 
continual  shaking  of  its  tail  like  a  fish,  so  that  it  seems  animated. 
Turn  its  tail  towards  the  prime  conductor,  and  then  it  flies  to  your 
finger  and  seems  to  nibble  it.  And  if  you  hold  a  plate  under  it  at  six 
or  eight  inches  distance,  and  cease  turning  the  globe,  when  the 
electrical  atmosphere  of  the  conductor  grows  small,  it  will  descend 
to  the  plate  and  swim  back  again  several  times  with  the  same  fish- 
like motion,  greatly  to  the  entertainment  of  spectators.  By  a  little 
practice  in  blunting  or  sharpening  the  heads  or  tails  of  these  figures, 
you  may  make  them  take  place  as  desired,  nearer  or  farther  from 
the  electrified  plate. 

27.  It  is  said  in  section  8,  of  this  paper,  that  all  kinds  of  common 
matter  are  supposed  not  to  attract  the  electrical  fiuid  with  equal 
strength  ;  and  that  those  called  electrics  per  se,  as  glass,  &c.,  attract 
and  retain  it  strongest,  and  contain  the  greatest  quantity.  This 
latter  position  may  seem  a  paradox  to  some,  being  contrary  to  the 
hitherto  received  opinion ;  and  therefore  I  shall  now  endeavour  to 
explain  it. 

28.  In  order  to  this,  let  it  first  be  considered,  that  we  cannot  by 
any  means  we  are  yet  acquainted  with,  force  the  electrical  fluid 
through  glass.  I  know  it  is  commonly  thought  that  it  easily  per- 
vades glass ;  and  the  experiment  of  a  feather  suspended  by  a  thread, 
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in  a  bottle  hermetically  sealed,  yet  moved  by  bringing  a  rubbed 
tube  near  the  outside  of  the  botde,  is  alleged  to  prove  it.  But  if 
the  electrical  fluid  so  easily  pervades  glass,  how  does  the  vial  become 
charged  (as  we  term  it)  when  we  hold  it  in  our  hands  ?  Would  not 
the  fire  thrown  in  by  the  wire,  pass  through  to  our  hands,  and  so  es- 
cape into  the  floor  ?  Would  not  the  bottle  in  that  case  be  left  just 
as  we  found  it,  uncharged,  as  we  know  a  metal  bottle  so  attempted 
to  be  charged  would  be  ?  Indeed,  if  there  be  the  least  crack,  the 
minutest  solution  of  continuity  in  the  glass,  though  it  remains  so 
tight  that  nothing  else  we  know  of  will  pass,  yet  the  extremely  sub- 
tle electric  fluid  flies  through  such  a  crack  with  the  greatest  free- 
dom, and  such  a  bottle  we  know  can  never  be  charged :  What 
then  makes  the  difference  between  such  a  bottle  and  one  that  is 
sound,  but  this,  that  the  fluid  can  pass  through  the  one  and  not 
the  other  ? 

29.  It  is  true,  there  is  an  experiment  that  at  first  sight  would 
be  apt  to  satisfy  a  slight  observer,  that  the  fire  thro¥m  into  the  bot- 
tle by  the  wire,  does  really  pass  through  the  glass.  It  is  this  :  place 
the  bottle  on  a  glass  stand,  under  the  prime  conductor ;  suspend  a  bid- 
let  by  a  chain  from  the  prime  conductor,  till  it  comes  within  a  quar- 
ter of  an  inch  right  over  the  wire  of  the  bottle  ;  place  your  knuckle 
on  the  glass  stand,  at  just  the  same  distance  from  the  coating  of  the 
bottle,  as  the  buUet  is  from  its  wire.  Now  let  the  globe  be  turned, 
and  you  see  a  spark  strike  from  the  bullet  to  the  wire  of  the  bottle, 
and  the  same  instant  you  see  and  feel  an  exactly  equal  spark  striking 
from  the  coating  on  your  knuckle,  and  so  on,  spark  for  spark.  This 
looks  as  if  the  whole  received  by  the  bottle  was  again  discharged 
from  it.  And  yet  the  bottle  by  this  means  is  charged !  And  there- 
fore the  fire  that  thus  leaves  the  bottle,  though  the  same  in  quantity, 
cannot  be  the  very  same  fire  that  entered  at  the  wire,  for  if  it  were 
the  bottle  would  remain  uncharged. 

90.  If  the  fire  that  so  leaves  the  bottle  be  not  the  same  that  is 
thrown  in  through  the  wire,  it  must  be  fire  that  subsisted  in  the 
bottle  (that  is  in  the  glass  of  the  bottle),  before  the  operation 
began. 

31.  If  so,  there  must  be  a  great  quantity  in  glass,  because  a  great 
quantity  is  thus  discharged,  even  from  very  thin  glass. 

32.  That  this  electrical  fluid  or  fire  is  strongly  attracted  by  glass, 
we  know  from  the  quickness  and  violence  with  which  it  is 
resumed  by  the  part  that  had  been  deprived  of  it,  when  there  is  an 
opportunity.  And  by  this,  that  we  cannot  from  a  mass  of  glass, 
draw  a  quantity  of  electric  fire,  or  electrify  the  whole  mass  minus, 
as  we  can  a  mass  of  metal.  We  cannot  lessen  or  increase  its  whole 
quantity,  for  the  quantity  it  has  it  holds  ;  and  it  has  as  much  as  it 
can  hold.  Its  pores  are  filled  with  it  as  full  as  the  mutual  repellency 
of  the  particles  will  admit ;  and  what  is  already  in  refuses,  or 
strongly  repels,  any  additionid  quantity.  Nor  have  we  any  way  of 
moving  the  electrical  fluid  in  glass,  but  one  ;  that  is,  by  covering 
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part  of  the  two  surfaces  of  thin  glass  with  non-electrics,  and  then 
throwing  an  additional  quantity  of  this  fluid  on  one  surface,  which 
spreading  in  the  non-electric,  and  heing  hound  hj  it  to  that  surface, 
acts  by  its  repelling  force  on  the  particles  of  the  electrical  fluid  con- 
tained in  the  other  surface,  and  drives  them  out  of  the  glass  into  the 
non-electric  on  that  side  from  whence  they  are  discharged,  and  then 
those  added  on  the  charged  side  can  enter.  But  when  this  is  done 
there  is  no  more  in  the  glass,  nor  less  than  before,  just  as  much  hay- 
ing left  it  on  one  side  as  it  received  on  the  other. 

33.  I  feel  a  want  of  terms  here,  and  doubt  much  whether  I  shall 
be  able  to  make  this  part  intelligible.  By  the  word  surface,  in  this 
case,  I  do  not  mean  mere  length  and  breadth  without  thickness ;  but 
when  I  speak  of  the  upper  or  under  surface  of  a  piece  of  glass,  the 
outer  or  inner  surface  of  the  vial,  I  mean  length,  breadth,  and  half 
the  thickness,  and  beg  the  favour  of  being  so  understood.  Now,  I 
suppose,  that  glass  in  its  first  principles,  and  in  the  furnace,  has  no 
more  of  this  electrical  fluid  than  other  common  matter  :  that  when 
it  is  blown,  as  it  cools,  and  the  particles  of  common  fire  leave  it,  its 
pores  become  a  vacuum  :  that  the  component  parts  of  glass  are  ex- 
tremely small  and  fine,  I  guess  from  its  never  showing  a  rough  face 
when  it  breaks,  but  always  a  polish  ;  and  from  the  smallness  of  its 
particles  I  suppose  the  pores  between  them  must  be  exceeding  small, 
which  is  the  reason  that  aquafortis,  nor  any  other  menstruum  we 
have  can  enter  to  separate  them  and  dissolve  the  subject ;  nor  is  any 
fluid  we  know  of  fine  enough  to  enter,  except  common  fire,  and  the 
electric  fluid.  Now  the  departing  fire  leaving  a  vacuum,  as  afore- 
said, between  these  pores,  which  air  nor  water  are  fine  enough  to 
enter  and  fill,  the  electric  fiuid  (which  is  every  where  ready  in  what 
we  call  the  non -electrics,  and  in  the  non-electric  mixtures  that  are 
in  the  air),  is  attracted  in ;  yet  does  not  become  fixed  with  the 
substance  of  the  glass,  but  subsists  there  as  water  in  a  porous 
stone,  retained  only  by  the  attraction  of  the  fixed  parts,  itself 
still  loose  and  a  fluid.  But  I  suppose  farther,  that  in  the  cooling 
of  the  glass,  its  texture  becomes  closest  in  the  middle,  and  forms 
a  kind  of  partition,  in  which  the  pores  are  so  narrow,  that  the 
particles  of  the  electrical  fluid,  which  enter  both  surfaces  at 
the  same  time,  cannot  go  through,  or  pass  and  repass  from  one 
surface  to  the  other,  and  so  mix  together;  yet,  though  the 
particles  of  electric  fluid  imbibed  by  each  surface,  cannot  them- 
selves pass  through  to  those  of  the  other,  their  repellency  can, 
and  by  this  means  they  act  on  one  another.  The  particles  of  the 
electric  fluid  have  a  mutual  repellency,  but  by  the  power  of  attraction 
in  the  glass  they  are  condensed  or  forced  nearer  to  each  other. 
When  the  glass  has  received,  and,  by  its  attraction,  forced  closer  to- 
gether so  much  of  this  electric  fluid,  as  that  the  power  of  attracting 
and  condensing  in  the  one,  is  equal  to  the  power  of  expansion  in  the 
other,  it  can  imbibe  no  more,  and  that  remains  its  constant  whole 
quantity  ;  but  each  surface  would  receive  more,  if  the  repellency  of 
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what  is  in  the  opposite  surface  did  not  resist  its  entrance.  The 
quantities  of  this  fluid  in  each  surface  being  equal,  their  repelling 
action  on  each  other  is  equal ;  and  therefore  those  of  one  surface 
cannot  drive  out  those  of  the  other ;  but  if  a  greater  quantity  is 
forced  into  one  surface  than  the  glass  would  naturally  draw  in»  this 
increases  the  repelling  power  on  that  side,  and  overpowering  the  at- 
traction on  the  other,  drives  out  part  of  the  fluid  that  had  been  im- 
bibed by  that  surface,  if  there  be  any  non-electric  ready  to  receive 
it :  such  there  is  in  all  cases  where  glass  is  electrified  to  give  a  shock. 
The  surface  that  has  been  thus  emptied  by  having  its  electrical  fluid 
driven  out,  resumes  again  an  equal  quantity  with  violence,  as  soon 
as  the  glass  has  an  opportunity  to  discharge  that  over  quantity  more 
than  it  could  retain  by  attraction  in  its  other  surface,  by  the  addi- 
tional repellency  of  which  the  vacuum  had  been  occasioned.  For 
experiments  favouring  (if  I  may  not  say  confirming)  this  hypothesis, 
I  must,  to  avoid  repetition,  beg  leave  to  refer  you  back  to  what  is 
said  of  the  electrical  phial  in  my  former  papers. 

34.  Let  us  now  see  how  it  will  account  for  several  other  appear- 
ances. Glass,  a  body  extremely  elastic  (and  perhaps  its  elasticity 
may  be  owing  in  some  degree  to  the  subsisting  of  so  great  a  quantity 
of  this  repelling  fluid  in  its  pores),  must,  when  rubbed,  have  its 
rubbed  service  somewhat  stretched,  or  its  solid  parts  drawn  a  little 
farther  asunder,  so  that  the  vacancies  in  which  the  electrical  fluid 
resides  become  larger,  aflbrding  room  for  more  of  that  fluid,  which 
is  immediately  attracted  into  it  from  the  cushion  or  hand  rubbing, 
they  being  supplied  from  the  common  stock.  But  the  instant  the 
parts  of  the  glass  so  opened  and  filled  have  passed  the  friction,  they 
close  again,  and  force  the  additional  quantity  out  upon  the  surface, 
where  it  must  rest  till  that  part  comes  round  to  the  cushion 
again,  unless  some  non-electric  (as  the  prime  conductor)  first 
presents  to  receive  it.*  But  if  the  inside  of  the  globe  be  lined 
with  a  non -electric,  the  additional  repellency  of  the  electric 
fluid,  thus  collected  by  friction  on  the  rubbed  part  of  the  globe's 
outer  surface,  drives  an  equal  quantity  out  of  the  inner  surface  into 
that  non-electric  lining,  which  receiving  it,  and  carrying  it  away 
from  the  rubbed  part  into  the  common  mass,  through  the  axis  of 
the  globe,  and  frame  of  the  machine,  the  new  collected  electrical 
fluid  can  enter  and  remain  in  the  outer  surface,  and  none  of  it  (or  a 
very  little)  will  be  received  by  the  prime  conductor.  As  this  charged 
part  of  the  globe  comes  round  to  the  cushion  again,  the  outer  surface 
delivers  its  overplus  fire  into  the  cushion,  the  opposite  inner  surface 
receiving  at  the  same  time  an  equal  quantity  from  the  fioor.     Every 

*  In  the  dark  the  electric  flaid  may  be  seen  on  the  cushion  in  two  semi' 
circles  or  balf-moons,  one  on  the  fore- part,  tlie  other  on  the  back  part  of  the 
cushion,  just  where  the  globe  and  cushion  separate.  In  the  fore  cres^cent 
the  fire  is  passing  ont  of  the  cashion  into  the  glass  ;  in  the  other  it  is  leaving 
the  glass,  and  returning  into  the  back  part  of  the  cushion.  When  the  prime 
condactor  is  applied  to  take  it  off  the  glass,  the  back  crescent  disappears. 
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eleetrician  knows  that  a  globe  wet  within  will  afford  litde  or  no  fire, 
but  the  reason  has  not  before  been  attempted  to  be  given,  that  I 
know  of. 

84.  So  if  a  tube  lined  with  a  non-electric*  be  rubbed,  little  or 
no  fire  is  obtained  from  it.     What  is  collected  from  the  hand  in  the 
downward  rubbing  stroke,  entering  the  pores  of  the  glass,  and  driv- 
ing an  equal  quantity  out  of  the  inner  surface  into  the  non -electric 
lining  :  and  the  hand  in  passing  up  to  take  a  second  stroke,  takes 
out  again  what  had  been  thrown  into  the  outer  surface,  and  then 
the  inner  surface  receives  back  again  what  it  had  given  to  the  non- 
electric lining.     Thus  the  particles  of  electrical  fluid  belonging  to 
the  inside  surface  go  in  and  out  of  their  pores  every  stroke  given  to 
the  tube.     Put  a  wire  into  the  tube,  the  inward  end  in  contact  with 
the  non-electric  lining,  so  it  will  represent  the  Leyden  bottle.     Let 
a  second  person  touch  the  wire  while  you  rub,  and  the  fire  driven 
out  of  the  inward  surface  when  you  give  the  stroke,  will  pass  through 
him  into  the  common  mass,  and  return  through  him  when  the  inner 
surface  resumes  its  quantity,  and  therefore  this  new  kind  of  Leyden 
bottle  cannot  be  so  charged.     But  thus  it  may  :  after  every  stroke, 
before  you  pass  your  hand  up  to  make  another,  let  a  second  person 
apply  his  finger  to  the  wire,  take  the  spark,  and  then  withdraw  his 
finger ;  and  so  on  till  he  has  drawn  a  number  of  sparks  ;  thus  will 
the  inner  surface  be  exhausted,  and  the  outer  surface  charged  ;  then 
wrap  a  sheet  of  gilt  paper  close  round  the  outer  surface,  and  grasp- 
ing it  in  your  hand  you  may  receive  a  shock  by  applying  the  finger 
of  the  other  hand  to  the  wire  :  for  now  the  vacant  pores  in  the  inner 
surface  resume  their  quantity,  and  the  overcharged  pores  in  the 
outer  surface  discharge  that  overplus ;  the  equilibrium  being  re- 
stored through  your  body,  which  could  not  be  restored  through  the 
glass.     If  the  tube  be  exhausted  of  air,  a  non-electric  lining,  in 
contact  with  the  wire,  is  not  necessary  ;  for  in  vacuo  the  electrical 
fire  will  fly  freely  from   the  inner  surface  without  a  non-electric 
conductor :  but  air  resists  in  motion  ;  for  being  itself  an  electric 
per  se,  it  does  not  attract   it,   having   already  its  quantity.     So 
the  air  never  draws  off  an   electric  atmosphere  from  any  body, 
but  in  proportion  to  the  non-electrics  mixed  with  it :  it  rather 
keeps  such  an  atmosphere  confined,  which  from  the  mutual  re- 
pulsion of  its  particles,  tends  to  dissipation,  and  would  immediately 
dissipate  in  vacuo.     And  thus  the  experiment  of  the  feather  inclosed 
in  a  glass  vessel  hermetically  sealed,  but  moving  on  the  approach  of 
the  rubbed  tube  is  explained.    When  an  additional  quantity  of  the 
electrical  fiuid  is  applied  to  the  side  of  the  vessel  by  the  atmosphere 
of  the  tube,  a  quantity  is  repelled  and  driven  out  of  the  inner  sur- 
face of  that  side  into  the  vessel,  and  there  affects  the  feather,  return- 
ing again  into   its  pores,  when  the  tube  with  its  atmosphere  is 
withdrawn;  not  that  the  particles  of  that  atmosphere  did  themselves 

*  Gilt  paper,  with  the  gilt  face  next  the  glass,  does  well. 
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pass  through  the  glass  to  the  feather.  And  erery  other  appearance 
I  have  yet  seen,  in  whioh  glass  and  electricity  are  concerned,  are,  I 
think,  explained  with  equal  ease  by  the  same  hypothesis.  Yet, 
perhaps,  it  may  not  be  a  true  one,  and  I  shall  be  obliged  to  him  that 
affords  me  a  better. 

35.  Thus  I  take  the  difference  between  non-electrics  and  glass, 
an  electric  J9er  s«,  to  consist,  in  these  two  particulars.  Ist.  That  a  non* 
electric  easily  suffers  a  change  in  the  quantity  of  the  electric  fluid  it 
contains.  You  may  lessen  its  whole  quantity,  by  drawing  out  a 
part,  which  the  whole  body  will  again  resume  ;  but  of  glass  you  can 
only  lessen  the  quantity  contained  in  one  of  its  surfaces ;  and  not 
that,  but  by  supplying  an  equal  quantity  at  the  same  time  to  the  other 
surface  :  so  that  the  whole  glass  may  always  have  the  same  quan- 
tity in  the  two  surfaces,  their  two  different  quantities  being  added 
together.  And  this  can  only  be  done  in  glass  that  is  thin ;  beyond 
a  certain  thickness  we  have  yet  no  power  Qiat  can  make  this  change. 
And,  2dly.,  that  the  electric  fire  freely  removes  from  place  to  place, 
in  and  through  the  substance  of  a  non-electric,  but  not  so  through 
the  substance  of  glass.  If  you  offer  a  quantity  to  one  end  of  a  long 
rod  of  metal,  it  receives  it,  and  when  it  enters,  every  particle  that 
was  before  in  the  rod  pushes  its  neighbour  quite  to  the  farther  end» 
where  the  overplus  is  discharged ;  and  this  instantaneously  where 
the  rod  is  part  of  the  circle  in  the  experiment  of  the  shock.  But 
glass,  from  the  smallness  of  its  pores,  or  stronger  attraction  of  what 
it  contains,  refuses  to  admit  so  free  a  motion  ;  a  glass  rod  will  not 
conduct  a  shock,  nor  wiU  the  the  thinest  glass  suffer  any  particle 
entering  one  of  its  surfaces  to  pass  through  to  the  other. 

53.  Hence  we  see  the  impossibility  of  success  in  the  experiments 
proposed,  to  draw  out  the  effluvial  virtues  of  a  non-electric,  as 
cinnamon,  for  instance,  and  mixing  them  with  the  electric  fluid, 
to  convey  them  with  that  into  the  body,  by  including  it  in  the 
globe,  and  then  applying  friction,  &c.  For  although  the  effluvia  of 
cinnamon,  and  the  electric  fluid  should  mix  within  the  globe» 
they  would  never  come  out  through  the  pores  of  the  glass,  and 
so  go  to  the  prime  conductor ;  for  the  electric  fluid  itself  cannot 
come  through ;  and  the  prime  conductor  is  always  supplied  from 
the  cushion,  and  that  from  the  floor.  And  besides,  when  the  globe 
is  filled  with  cinnamon,  or  other  non-electric,  no  electric  fluid  can  be 
obtained  from  its  outer  surface,  for  the  reason  before-mentioned.  I 
have  tried  another  way  which  I  thought  more  likely  to  obtain  a 
mixture  of  the  electric  and  other  effluvia  together,  if  such  a  mixture 
had  been  possible.  I  placed  a  glass  plate  under  my  cushion,  to  cut 
off  the  communication  between  the  cushion  and  floor ;  then  brought 
a  small  chain  from  the  cushion  into  a  glass  of  oil  of  turpentine,  and 
carried  another  chain  from  the  oil  of  turpentine  to  the  floor,  taking 
care  that  the  chain  from  the  cushion  to  the  glass  touched  no  part  of 
the  frame  of  the  machine.  Another  chain  was  fixed  to  the  prime 
conductor,  and  held  in  the  hand  of  a  person  to  be  electrified.    The 
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ends  of  the  two  chftins  in  the  glass  were  near  an  inch  distant  from 
each  other,  the  oil  of  turpentine  between.  Now  the  globe  being 
turned,  could  draw  no  fire  from  the  floor  through  the  machine, 
the  communication  that  way  being  cut  off  by  the  thick  glass  plate 
under  the  cushion  :  it  must  then  draw  it  through  the  chains  whose 
ends  were  dipped  in  the  oil  of  turpentine.  And  as  the  oil  of  tur- 
pentine being  an  electric  per  se^  would  not  conduct,  what  came  up 
from  the  floor  was  obliged  to  jump  from  the  end  of  one  chain  to  the 
end  of  the  other,  through  the  substance  of  that  oil,  which  we  could 
.  see  in  large  sparks,  and  so  it  had  a  fair  opportunity  of  seizing  some 
of  the  finest  particles  of  the  oil  in  its  passage,  and  carrying  tliem  ofi* 
with  it :  but  no  such  effect  followed,  nor  could  I  perceive  the  least 
diflerence  in  the  smell  of  the  electric  effluvia  thus  collected,  from 
what  it  has  when  collected  otherwise ;  nor  does  it  otherwise  afiect 
the  body  of  a  person  electrified.  I  likewise  put  into  a  phial,  instead 
of  water,  a  strong  purgative  liquid,  and  then  charged  the  phial,  and 
took  repeated  shocks  from  it,  in  which  case  every  particle  of  the 
electrical  fluid  must,  before  it  went  through  my  body,  have  first 
gone  through  the  liquid  when  the  phial  is  charging,  and  returned 
through  it  when  discharging,  yet  no  other  eflect  followed  than  if  it 
had  been  charged  with  water.  I  have  also  smelt  the  electric  fire 
when  drawn  through  gold,  silver,  copper,  lead,  iron,  wood,  and  the 
human  body,  and  could  perceive  no  difference :  the  odour  is  always 
the  same  where  the  spark  does  not  burn  what  it  strikes ;  and  there- 
fore I  imagine  it  does  not  take  that  smell  from  any  quality  of  the 
bodies  it  passes  through.  And  indeed,  as  that  smell  so  readily 
leaves  the  electric  matter,  and  adheres  to  the  knuckle  receiving  the 
sparks  and  to  other  things,  I  suspect  that  it  never  was  connected 
with  it,  but  arises  instantaneously  from  something  in  the.  air  acted 
upon  by  it :  for  if  it  was  fine  enough  to  come  with  the  electric  fluid 
through  the  body  of  one  person,  why  should  it  stop  on  the  skin  of 
another  ? 

But  I  shall  never  have  done,  if  I  tell  you  all  my  conjectures, 
thoughts,  and  imaginations  on  the  nature  and  operations  of  this  elec- 
tric fluid,  and  relate  the  variety  of  little  experiments  we  have  tried. 
I  have  already  made  this  paper  too  long,  for  which  I  must  crave 
pardon,  not  having  time  now  to  abridge  it.  I  shall  only  add,  that 
as  it  has  been  observed  here  that  spirits  will  fire  by  the  electric 
spark  in  the  summer  time,  without  heating  them,  when  Fahren- 
heit's thermometer  is  above  70 ;  so  when  colder,  if  the  operator 
puts  a  small  flat  bottle  of  spirits  in  his  bosom,  or  a  close  pocket  with 
the  spoon,  some  little  time  before  he  uses  them,  the  heat  of  his  body 
will  communicate  warmth  more  than  sufficient  for  the  purpose. 
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Professor  Schoenbein's  Experiments:  and  his  Remarks  on  Dr. 
Faraday's  titfpothesis  on  the  Causes  of  the  Inactivity  of  Iron 
in  Nitric  Acid. 

(Continued  from  page  41), 

The  explanation  given  by  Faraday  of  the  passive  condition  of 
iron  in  nitric  acid  of  certain  strength  is,  in  the  6rst  place,  that  the 
metal  becomes  surrounded  by  a  thin  film  of  oxide:  and  secondly, 
that  this  oxide  is  not  soluble  in  such  nitric  acid.  Therefore,  ac- 
cording to  this  view,  the  sole  cause  of  the  inaction  would  be  merely 
•a  mechanical  obstruction  ;  or  in  other  words,  the  metallic  iron  and 
the  acid  do  not  come  into  contact  with  each  other.  Faraday,  also, 
seems  to  give  a  similar  explanation  to  the  following  fact,  which  I 
have  observed,  viz.:  when  a  voltaic  circuit  is  completed,  oxygen 
gas  is  liberated  at  the  posit  ice  iron  wire. 

To  this  strange  doctrine  I  must  first  remark,  that  the  surface  of 
a  piece  of  iron  rendered  inert  in  nitric  acid  of  the  specific  gravity 
1*35,  exhibits  a  pure  metallic  surface,  much  brighter  than  by  any 
other  mode  of  cleaning;  and  no  trace  of  oxide  is  observable  by  the 
closest  inspection.  I  will  not,  however,  dwell  upon  this  topic,  al- 
though I  am  aware  that  it  deserves  consideration.  In  one  of  my 
former  essays,  I  stated  that  iron  wire  made  passive  towards  nitric 
acid,  by  any  mode  whatever,  operates  like  common  iron,  in  other 
nitric  acid  considerably  diluted :  whilst  an  iron  wire  acting  in  the 
capacity  of  a  positive  pole,  exhibits  an  absolute  chemical  indifference 
to  nitric  acid  of  all  strengths.  This  fact  appears  to  me  to  argue 
forcibly  against  the  English  philosopher's  hypothesis :  for  if  we 
were  to  suppose  that,  at  the  moment  of  immersion  of  the  iron  wire 
in  the  dilute  acid,  a  thin  layer  of  this  questionable  oxide  is  formed, 
and  that  from  this  circumstance  the  liberation  of  gas  originates,  we 
cannot  conceive  how  this  oxide  can  remain  even  a  moment  in  dilute 
acid  without  being  dissolved  in  it;  that  is,  in  an  acid  so  diluted 
that,  according  to  Faraday,  the  oxide  cannot  remain  indifferent 
and  unaltered.  If,  for  instance,  the  chemical  inditference  of  the 
iron  to  the  nitric  acid  were  materially  influenced  by  the  degree  of 
dilution  of  the  latter,  the  iron,  under  the  circumstances  alluded  to, 
would  remain  active,  a  nitrate  of  iron  would  be  formed, and  no  libera- 
tion of  oxygen  from  the  metal  would  occur.  Experience,  however, 
proves  that  precisely  the  reverse  happens,  which  is  exceedin^]y  un- 
fortunate for  the  hypothesis.  It  U  true,  Faraday  mentions  that  iron 
in  nitric  acid  (without  giving  us  any  idea  of  its  strength),  is  dis- 
solved, even  when  it  operates  in  the  capacity  of  a  positive  pole  in  it. 
According  to  my  experiments,  which  were  conducted  with  the  greatest 
possible  care,  no  trace  of  the  metal  is  dissolved  under  these  circum- 
stances, although  the  nitric  acid  be  diluted  with  several  times  its 
own  quantity  of  water.     I  kept  an  iron  wire,  which  was  connected 
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with  the  positive  pole  of  a  cauranne  de$  tosses  of  fifteen  cups,  for 
many  hours  in  such  an  acid  liquor ;  after  which  not  the  slightest 
trace  of  iron  could  be  detected  in  it.  If,  however,  another  acid  of 
the  common  strength,  of  the  s.  g.  1*35,  for  instance,  be  added,  the 
result  becomes  modified,  and  a  little  oxide  of  iron  is  always  to  be 
found  in  the  liquor.  But  I  do  not  consider  that  this  oxide  is  Ibrmed 
in  the  acid  ;  it  appears  to  be  produced  on  that  part  of  the  wire  which 
is  above  the  surface  of  the  acid,  by  the  acid  va|K>urs  which  are 
continually  rising ;  and  the  nitrate  thus  formed  is  conducted  to  the 
acid  below  by  capillary  attraction. 

A  more  important  fact  to  which  I  must  now  solicit  attention  is, 
that  the  iron  wire  which  dips  into  the  diluted  acid  and  is  indifferent 
to  it,  becomes  acted  on  the  moment  the  electric  current  ceases  to  be 
transmitted  through  it.  If,  for  instance,  we  were  to  allow  the  iron 
wire  to  remain  in  the  acid  to  be  examined,  and  then  to  interrupt  the 
electric  current,  immediately  a  dark  yellowish  brown  matter,  which 
is  nitrate  of  iron,  forms  around  the  wire.  From  these  facts  it 
appears  that  the  most  essential  cause  of  the  chemical  indifference  of 
iron  to  nitric  acid,  is  doe  to  the  influence  of  the  electric  current,  and 
not  any  surrounding  thin  pellicle  of  oxide,  nor  to  any  certain 
Quantity  of  water  in  the  acid.  It  is  obvious,  also,  that  if  the  indif- 
ference of  the  positive  iron  wire  was  owing  to  a  thin  enveloping  oxide, 
the  same  wire  ought  to  remain  passive  when  separatea  from  the 
pole  and  immersed  in  common  nitric  acid :  such,  however,  is  not 
the  case. 

The  circumstance  that  the  positive  iron  wire  is  acted  upon  similarly 
in  other  dilute  acids  as  in  the  nitric  acid  is  rather  unfavourable  to 
Faraday's  hypothesis.  It  is  known  that  iron  becomes  completely 
passive  by  merely  dipping  it  into  fuming  nitric  acid :  by  what  means 
then,  is  the  pellicle  of  oxide  formed  in  such  cases  ?  I  can  see  no 
means  but  oy  decomposition  of  the  nitric  acid,  because  no  other 
appears  to  be  possible.  I  must  doubt,  however,  that  such  an  action 
takes  place;  and  if  it  does  not,  it  would  be  difficult  to  ascertain , the 
origin  of  the  iron's  oxidation  I  will  here  state  that  the  galvano- 
meter indicates  a  feeble  electric  current  when  the  iron  is  dipped  into 
highly  concentrated  nitric  acid :  but  this  does  not  prove  tne  oxida- 
tion of  the  metal.  I  will  add  one  other  remark,  which  I  think  is  not 
unimportant  in  this  subject.  In  my  last  paper  I  mentioned  the  ac- 
tion of  an  acid  of  1*35  upon  the  iron,  which  took  place  by  sudden 
fits,  which  1  stated  was  occasioned  by  the  metal  becoming  active 
and  passive  alternately.  Faraday  would  explain  this  phenomenon 
on  tne  supposition  that  at  one  instant  a  film  of  oxide  is  formed 
around  the  wire,  and  thus  protects  it  from  the  action  of  the  acid ; 
and  the  next  moment  the  oxide  is  dissolved  in  the  acid,  and  the  me- 
tal exposed  to  its  action.  But  such  an  explanation  forms  a  contra- 
diction in  itself;  because  it  first  supposes  the  film  of  oxide  to  be 
insoluble,  and  afterwards  soluble  in  the  nitric  acid,  which  is  an  ab- 
surdity. Moreover,  one  might  propose  the  following  unanswerable 
question.    Why  is  iron  rendered  pasMve  by  frequent  immersions  in 
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nitric  acid ;  and  therefore,  why  la  an  oxide  formed  which,  in  the 
firat  place  entera  into  combination  with  the  acid,  but  afterwards  re- 
mains in  the  acid  an  insoluble  oxide.  The  whole  of  the  facts  lead 
me  to  suppose  that  Faraday's  views  respecting  the  passive  state  of 
iron  do  not  give  a  satisfactory  explanation. 
B&le,  October,  1836. 

(To  he  continued  in  the  next  number). 

The  Electric  Column  considered  as  a  Maintaining  Power y  or  First 
Mover^  for  Mechanical  Purposes.  By  Gcorgb  John  Sinoee^ 
Esq.* 

The  power  of  the  electric  column  as  a  source  of  mechanical 
action  was  first  discovered  and  applied  by  that  excellent  philosopher 
M.  De  Luc,  the  admirable  inventor  of  that  important  instrument ; 
and  it  is  to  his  active  discrimination  and  unceasiug  exertions  we  are 
indebted  for  the  principal  mechanical  arr^ingements  which  have 
been  employed  to  render  the  variable  action  of  the  column  equal  to 
the  production  of  a  constant  though  unequal  motion. 

The  principal  object  of  such  an  attempt  is  to  enable  an  observer 
to  measure  the  actual  variation  in  the  power  of  the  column  at  dif- 
ferent times,  and  under  dissimilar  circumstances;  and,  by  a  com- 
parison of  these  changes  with  the  usual  meteorological  phenomena, 
to  ascertain  if  any  connexion  can  be  traced  between  the  spontaneous 
electricity  of  the  column,  and  the  natural  electricity  of  the  earth  and 
the  atmosphere. 

For  this  purpose  any  arrangement  may  be  employed  which  is 
capable  either  of  producing  or  maintaining  the  motion  of  light  sub- 
stances by  the  immediate  action  of  the  column ;  and  that  will  be 
most  eligible  which  produces  this  effect  most  certainly,  and  by  the 
least  complex  means. 

With  columns  of  small  power,  the  frequency  with  which  the  leaves 
of  Bennet's  electrometer  are  made  to  open  and  strike  the  sides  of 
the  glass,  during  their  contact  with  one  extremity  of  the  column, 
for  a  certain  number  of  seconds,  becomes  a  measure  of  the  com- 
parative power  of  the  instrument  at  different  times :  but  its  distinct 
expression  is  prevented  by  the  tendency  of  the  gold  leaves  to  stick 
to  the  sides  oi  the  glass ;  and  this  arrangement  is  therefore  by  no 
means  fitted  for  permanent  observations. 

When  an  insulated  conducting  substance  is  freely  suspended  be- 
tween two  balls,  or  bells,  connected  respectively  with  the  opposite 
ends  of  the  column,  I  have  found  that  motion  is  constantly  produced 
if  the  weight  of  the  pendulum,  and  the  distance  of  the  bells,  are 
exactly  proportioned  to  the  acting  power  of  the  column  at  its  mean 
rate  of  intensity  :  but  if  these  circumstances  are  not  strictly  attend- 
ed to,  the  motion  will  soon  cease ;  and  the  want  of  complete  success 
in  the  original  experiments  of  M.  De  Luc  and  of  Mr.  B.  M.  Forster. 
most  probably  arose  from  this  cause ;  for,  in  the  construction  of  a 
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number  of  instruments  on  this  plan,  1  have  had  bat  one  failure^ 
and  in  that  instance  the  apparatus  was  6nished  in  such  haste  as  to 
preclude  a  proper  attention  to  the  circumstances  above  stated. 

Fig.  1.  Plate  3,  represents  the  arrangement  of  my  Electric  Chime. 
A  series  of  about  1600  groups  of  zinc,  silver,  and  paper  discs,  are 
disposed  in  two  columns,  separately  insulated  in  a  vertical  position ; 
the  positive  end  of  one  is  placed  lowest,  and  the  negative  end  of  the 
other,  their  upper  extremities  being  connected  so  as  to  form  in  effect 
I  one  series,  having  at  each  of  its  extremities   a  small  bell;  between 

I  the  bells  a  small  ball  is  suspended  by  a  thread  of  raw  silk,  so  as  to 

hang  at  an  equal  and  very  small  distance  from  each  of  them  if  un- 
electrified.     The  action  of  the  column  occasions  this  ball  to  vibrate 
*  between  the  bells  and  produce  an  electric  chime,  in  which  the  varia- 

I  ble  action  of  the  instrument  at  different  times  is  indicated  by  an  in- 

'  creased  or  diminished  velocity    of  ringing.     There  is   a  circular 

t  groove  in  the  base  of  the  instrument  which  receives  the  rim  of  a 

glass  shade,  by  which  dust  and  moisture  are  prevented  from  imped- 
ing its  action. 
I  Fig.  2  represents  a  convenient  modification  of  the  arrangement 

'  devised  by  M.  De  Luc,  and  to  which  he  has  given  the  name  of 

Aerial  Electroscope.     It  is  constructed  nearly  in  the  same  manner 
;  as  the  chime,  but  has  balls  at  its  lower  extremities  instead  of  bells, 

i  From  the  positive  end  a  wire  w,  proceeds  upwards  a  few  inches 

i  parallel  to  the  column,  and  is  then  bent  into  a  hook  to  serve  as  a 

i  support  to  the  pendulum,  which  consists  of  a  fine  silver  wire  to 

'  which  a  gilt  pith-ball  is  attached.     This  pendulum,  being  in  con- 

ducting communication  with  the  positive  extremity  of  the  column, 
will  necessarily  recede  from  it  and  approach  the  opposite  ball;  but 
it  is  prevented  from  actual  contact  with  that  ball  by  a  brass  fork  F, 
across  which  a  very  fine  silver  wire  is  stretched.  This  wire  dis- 
charges the  electricity  of  the  pendulum,  and  at  the  same  time  pro- 
duces a  kind  of  jerk  which  prevents  the  pith-ball  from  sticking:  the 
pendulum  now  falls  again  into  contact  with  the  positive  ball,  but 
becoming  again  electrical,  recedes  from  it,  and  again  strikes  the  cross 
wire ;  and  iu  this  way,  if  properly  constructed,  may  continue  its 
vibrations  for  an  unlimited  period. 

I  have  sometimes  made  a  variation  in  this  apparatus,  by  removing 
the  cross  wire  and  the  conducting  support  of  the  pendulum,  and  by 
substituting  for  it  a  pith-ball  suspended  by  a  silk  thread,  and  ac- 
curately proportioned  in  weight  and  size  to  the  medium  power  of 
the  column.  By  this  means  the  motion  occurs  over  more  space  than 
in  either  of  the  preceding  arrangements,  and  is  therefore  more  ob- 
vious, and  well  calculated  for  observation,  as  the  irregularity  is  con- 
siderable, and  may  be  noticed  when  the  temperature  of  the  sur- 
rounding medium  varies  but  slightly. 

During  my  employment  of  the  very  extensive  series  of  columns 
I  have  constructed,  I  have  frequently  attempted  to  produce  a  rota- 
tory motion  by  the  direct  action  of  their  electrical  power,  but  hitherto 
the  attempt  has  continued  unsuccessful ;  by  indirect  means,  howev^. 
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the  same  object  has  of  late  been  very  ingeniously  obtained.  In 
October  last,  my  friend  Mr.  Lighlfoot^  a  very  active  philosopher, 
who  has  made  many  interestinj^  observations  on  this  subject,  first 
suggested  the  employment  of  an  inflexible  pendulum  as  a  means  of 
converting  the  reciprocating  motion  usually  produced  by  the  column 
into  a  source  of  rotatory  movement ;  and  the  correctness  of  this  idea 
was  soon  afterwards  practically  verified  by  my  pupil  Mr.  F.  Ronalds, 
who  with  the  assistance  of  a  watchmaker,  has  made  a  very  successful 
and  truly  ingenious  arran«;emeiit,  by  which  a  simple  and  curious 
electrical  clock  is  produced. 

The  rotatory  motion  obtained  by  this  indirect  means,  is  however 
rather  curious  than  useful;  for  it  is  scarcely  so  correct  an  indication 
of  the  power  of  the  column  as  the  simple  pendulum,  and  requires 
a  much  more  extensive  series  to  keep  it  in  motion  ;  it  cannot  there- 
fore be  preferred  for  the  usual  purposes  of  observation,  and  has  I 
fear  very  little  chance  of  becoming  at  all  useful  as  a  time-keeper ; 
for  the  variable  action  of  the  column  must  render  it  a  most  irregular 
maintaining  power,  which  it  will  be  very  difficult,  if  not  impossible, 
to  correct  efiectuallv. 

The  most  elegant  and  at  the  same  time  tlie  most  simple  move- 
ment yet  produced  by  the  action  of  the  electric  column  appears  to 
be  that  employed  by  Signior  Zamboni,  who  has  made  some  inte- 
resting discoveries  on  the  general  structure  of  the  instrument  He 
employs  a  vertical  needle  supported  by  a  delicate  pivot  or  knife-edge 
a  little  above  its  centre  of  gravity,  the  position  of  which  may  be 
readily  altered  by  means  of  a  sliding  weight  attached  to  the  lower 
extremity  of  the  needle,  which  may  by  that  means  be  so  adjusted 
as  to  possess  the  properties  of  an  accurate  scale-beam,  and  will 
maintain  its  oscillations  over  a  considerable  space  by  a  very  slight 
impulse. 

The  upper  end  of  the  needle,  for  at  least  an  inch,  is  formed  of 
varnished  glass ;  and  on  this  a  ring  of  gold,  or  a  gilded  bail  of  pith 
or  cork,  is  fixed  ^  the  axis  of  the  needle  is  supported  midway  be- 
tween two  vertical  columns  insulated,  but  connected  together  at  the 
bottom,  so  that  the  upper  ends  of  the  columns  become  the  positive 
and  negative  extremities  of  the  series ;  the  upper  and  insulated  ex- 
tremity of  the  needle  comes  in  contact  alternately  with  each  of 
these  ends,  receives  its  electrical  state,  and  recedes  towards  the  other, 
where  the  same  process  ensues;  and  thus  the  vibrations  of  the  needle 
are  maintained  with  great  constancy  over  a  considerable  space. 

Fig.  3  represents  the  form  1  have  employed  for  this  construction : 
the  needle  is  supported  by  a  brass  arm  which  slides  on  one  of  the 
columns;  it  is  suspended  by  a  delicate  pivot,  and  has  at  its  summit 
a  fine  varnished  glass  tube,  to  which  a  gilded  ball  is  affixed ;  the 
lower  extremity  of  the  needle  is  provided  with  a  sliding  weight,  by 
which  the  relation  of  the  centre  of  gravity  to  the  point  of  suspen- 
sion is  accurately  adjusted;  to  render  the  contacts  perfect,  and 
least  liable  to  change,  the  gilded  ball  does  not  strike  the  brass  caps 
of  the  columns,  but  touches  alternately  two  gold  wires  connected 
with  them. 
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Iq  this  construction  the  needle  is  not  moved  by  the  direct  attrac- 
tion of  the  colamn  ;  but  being  once  put  into  a  state  of  vibration  > 
Its  motiou.  which  would  naturally  decline,  and  finally  terminate  by 
the  operation  of  friction  and  by  the  resistance  of  the  air,  is  renewed 
at  each  contact  by  the  impulse  of  electrical  attraction,  which  is 
alternately  exerted  on  the  needle  in  opposite  directions  by  each  ex- 
tremity of  the  column ;  and  as  this  attraction  does  not  sensibly  act 
on  the  pendulum  until  it  is  very  near  the  attracting  surface,  its 
operation  commences  when  it  is  most  wanted,  and^  without  materially 
affecting  the  action  of  the  pendulum  in  any  other  way,  occasions  it 
to  describe  constantly  equal  arcs  at  every  vibration. 

It  is  obvious,  that  by  connecting  a  proper  lever  and  ratchetr 
wheel  with  the  axis  of  the  needle,  motion  may  be  readily  communi- 
cated to  indexes,  or  to  other  wheels;  and  this  I  am  informed  has 
been  done  during  the  past  year,  by  some  experimentalists  on  the 
continent.  I  have  since  tried  the  experiment,  and  .find  it  succeeds 
perfectly,  but  requires  a  more  exteusive  series  to  overcome  the  in- 
creased friction. 

An  effect  very  nearly  resembling  the  action  of  the  beam  of  a 
steam  engine  may  be  produced  by  placing  the  needle  in  a  horizontal 
instead  of  a  vertical  position.  For  this  purpose  it  should  be  con- 
structed in  the  same  manner  as  an  ordinary  scale-beam;  having 
equal  arms  terminated  by  gilt  balls,  and  its  point  of  suspension 
above  its  centre  of  gravity.  If  a  needle  of  this  kind  be  insulated, 
and  placed  with  one  of  its  balls  a  few  inches  above  the  positive  ex- 
tremity of  a  powerful  column,  whilst  the  opposite  ball  is  similarly 
situated  with  respect  to  the  negative  extremity,  it  will,  when  once 
put  into  a  state  of  oscillatiou,  continue  to  move  with  considerable 
regularity,  and  with  a  momentum  which  renders  it  probable  that,  by 
the  application  of  a  proper  mechanical  arrangement,  a  tolerably 
regular  source  of  rotatory  motion  would  be  obtained. 

I  have  now  completed  a  series  of  columns  comprising  upwards  of 
(K),000  groups  of  a  peculiar  and  powerful  arrangement,  but  have 
not  as  yet  combined  them  so  as  to  institute  any  accurate  experiments 
on  their  effects;  but  1  trust  it  will  not  be  long  ere  I  have  leisure  to 
accomplish  this  object.  G.  J.  Singer. 

London,  May  1,  1815. 
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ELEMENTARY  LECTURES  ON  ELECTRICITY. 

LECTURE   SIX. 

Ms.  Stephen  Grey,  a  Charter-house  pensioner,  who  discovered 
the  difference  between  conductors  and  non-conductors,  and  other 
capital  facts,  appears  also  to  have  been  the  first  electrician  who  en- 
tertained the  notion  of  an  identity  between  electricity  and  lightning. 
In  the  concluding  paragraph  of  one  of  Mr.  Grey*s  papers,  printed 
in  the  '*  Transactions  of  the  Royal  Society,"  the  author  says,  whilst 
contemplating  the  results  of  the  experiments  he  had  been  describing 
in  the  same  paper — 

**  By  these  experiments  we  see,  that  an  actual  flame  of  fire,  with 
an  explosion,  and  an  ebullition  of  cold  water,  may  be  produced  by 
communicatiye  electricity  (communicated  to  a  metallic  rod,  an  iron 
ball,  and  other  bodies,  on  which  he  had  been  experimenting):  and 
though  these  effects  are  at  present  but  in  minimjis,  it  is  probable 
that  in  time  there  may  be  found  out  a  method  to  collect  a  greater 
quantity  of  it,  and  consequently  to  increase  the  force  of  this  electric 
fire,  which,  by  several  of  these  experiments  seems  to  be  of  the  same 
nature  with  that  of  thunder  and  lightning." 

These  predictions,  which  were  printed  in  the  Transactions  for  the 
year  1785,  ten  years  prior  to  the  discovery  of  the  Leyden  jar,  and 
about  seventeen  before  the  first  successful  experiments  on  atmos- 
pherical electricity,  were  wonderfuUy  verified  in  these  two  memorable 
events. 

After  the  wonderful  powers  of  the  Leyden  jar  had  become  gene- 
rally known,  there  can  be  no  wonder  of  the  identity  of  electricity 
and  lightning  being  suspected  by  those  electricians  who  paid  so 
close  attention  to  the  phenomena ;  indeed,  it  soon  became  a  preva- 
lent opinion :  but  it  is  certainly  to  Dr.  Franklin  that  the  honour  is 
due  of  earnestly  calling  the  attention  of  philosophers  to  this  topic 
Ann.  o/Elee.  Vol.  IX,  No.  53,  Nov.,  1842.  d  d 
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bj  his  admirable  observations  on  the  analogies  which  the  effects  of 
lightning  and  electricity  present,  and  also  of  placing  before  them  a 
plan  by  which  a  satisfactory  experiment  may  be  made.  Dr.  Franklin's 
plan  of  experimenting  bears  date  1749,  and  the  following  descrip- 
tion of  it  is  in  his  own  words  : — 

"  To  determine  the  question  whether  the  clouds  that  contain 
lightning  are  electrified  or  not,  I  would  propose  an  experiment  to 
be  tried  where  it  may  be  done  conveniently*  On 
the  top  of  some  high  tower  or  steeple  place  a  kind  | 
of  sentry  box,  as  in  the  figure,  big  enough  to  con- 
tain a  man  and  an  electrical  stand.  From  the  mid- 
dle of  the  stand  let  an  iron  rod  rise,  and  pass 
bending  out  of  the  door,  and  then  upright  twenty 
or  thirty  feet,  pointed  very  sharp  at  the  end.  If 
the  electrical  stand  be  kept  clean  and  dry,  a  man 
standing  on  it  when  such  clouds  are  passing  low, 
might  be  electrified  and  afford  sparks,  the  rod 
drawing  fire  to  him  from  the  cloud.  If  any  dan- 
ger to  tiie  man  should  be  apprehended  (though  I  think  there  would 
be  none)  let  him  stand  on  the  fioor  of  his  box,  and  now  and  then 
bring  near  to  the  rod  the  loop  of  a  wire  that  has  one  end  fastened  to  the 
leads,  he  holding  it  by  a  wax  handle ;  so  the  sparks,  if  the  rod  is 
electrified,  will  strike  from  the  rod  to  the  wire,  and  not  affect  him." 

The  plan  for  tiiis  grand  experiment  being  made  generally  known 
throughout  Europe  and  America,  many  philosophers  of  both  coun- 
tries made  preparations  for  carr3ring  it  into  execution.  The  French 
were  the  first  in  the  field  on  this  memorable  occasion,  and  M.  Dali- 
bard*s  apparatus,  erected  at  Marley-la-ville,  had  the  honour  of  being 
the  first  that  was  visited  by  the  "  ethereal  fire,"  though  that  philoso- 
pher himself,  in  consequence  of  an  absence  from  home  at  the  time, 
was  deprived  of  the  glory  of  being  the  first  beholder  of  it,  the  en- 
viable good  fortune  failing  to  the  lot  of  his  servant  Coiffer,  who  was 
left  in  charge  of  the  apparatus. 

Dalibard's  apparatus  was  similar  to  that  proposed  by  Franklin, 
which,  however,  was  not  placed  on  a  steeple,  but  on  some  high 
ground.  It  consisted  of  an  iron  rod  forty  feet  long,  the  lower  end 
of  which  was  brought  into  the  sentry  box,  where  the  rain  could  not 
come.  On  the  outside  the  rod  was  fastened  by  silken  cords  to 
three  stout  wooden  posts  firmly  fixed  in  the  ground.  On  Wednes- 
day, the  loth  of  May,  1752,  between  two  and  three  o'clock  in  the 
afternoon,  Coiffer  saw  the  first  electric  spark  drawn  from  the  atmos- 
phere ever  witnessed  by  man.  He  heard  a  clap  of  thunder  at  some 
distance,  and  on  applying  a  small  Leyden  bottle  to  the  iron  rod, 
electric  sparks  were  obtained,  and  the  great  question  set  at  rest 
about  one  month  earlier  than  Franklin  himself  had  an  opportunity  of 
making  a  satisfactory  experiment,  which  he  did  by  means  of  ui 
elevated  kite  in  June  of  the  same  year,  and  without  having  any 
information  of  what  had  been  done  in  France. 
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Franklin's  kite  was  simply  a  sUk  handkerchief  stretched  diagonally 
by  two  sticks,  with  the  usual  loop,  tail,  and  hempen  string,  which 
was  insulated  by  means  of  a  silken  cord  at  the  lower  end. 

The  first  indication  of  electric  action  observed  were  the  repulsions 
among  the  fibres  of  the  string,  which  stood  erect  and  avoided  one 
another  as  if  attached  to  the  prime  conductor  of  a  machine.  Shortly 
after  these  appearances,  Franklin  obtained  sparks  from  a  key  which 
he  had  hung  at  the  lower  end  of  the  hempen  string.  A  dense  cloud 
was  passing  over  the  kite  at  the  time,  and  in  consequence  of  some 
rain  which  fell  and  wet  the  kite  string,  and  thus  made  it  a  better 
conductor,  the  electric  fiuid  was  copiously  exhibited  in  various  ways. 
From  the  time  that  Franklin's  kite  experiments  became  known,  to 
the  present,  an  electric  kite  has  been  considered  as  an  indispensable 
apparatus  for  explorations  of  the  atmosphere. 

The  electric  kites  that  I  employ  difier  little  from  that  first  used  by 
Franklin,  excepting  in  the  manner  of  applying  the  string,  the  tail, 
and  in  making  them  portable  and  convenient  for  carriage. 

I  provide  a  square  of  sarsnet,  and 
a  pair  of  stretchers  made  of  light 
wood,  and  well  varnished  for  protec- 
tion against  the  wet.  These  stretchers 
are  coupled  together  by  means  of  a 
pin  which  passes  through  the  centre 
of  both,  and  on  which,  as  a  pivot, 
they  can  turn  and  be  set  to  the  pro- 
per angle  for  stretching  the  silk,  or 

they  can  be  brought  close  and  parallel  together.  One  extremity  of 
each  stretcher  is  fastened  permanently  to  the  two  upper  comers  of 
the  ai^,  and  each  of  the  other  extremities  is  furnished  with  a  pro- 
jecting wire  loop  or  staple,  which  passes  through  an  eye-hole  in  the 
lower  comer  of  the  silk,  the  end  of  the  stretcher  itself  forming  a 
shoulder,  which  prevents  its  passing  through  also.  By  these  means 
the  silk  can  be  stretched  or  furled  at  pleasure.  The  tail  consists  of 
several  lengths  of  calico  ribands,  linked  end  to  end  by  means  of 
hooks  and  eyes,  its  upper  end  being  attached  to  the  middle  of  a 
tape,  which  by  means  of  a  hook  at  each  end,  can  be  attached  to>  or 
detached  from,  the  lower  comers  of  the  kite  at  pleasure. 

In  order  to  relieve  the  stretchers  as  much  as  possible  from  the  strain 
of  the  wind*s  force,  the  surface  of  the  silk  is  divided  into  two  equal 
areas,  a  central  area,  and  a  marginal  area,  so  that  the  strain  on  the 
central  and  outer  parts  of  the  stretchers  shall  nearly  balance  one 
another.  This  is  accomplished  by  means  of  four  braces,  two  to  each 
stretcher,  and  attached  at  a  proper  distance  from  their  extremities, 
to  insure  the  square  area  within  the  four  points  to  which  the  braces 
are  attached,  to  be  equal  to  the  marginal  area  without.  The  braces, 
after  passing  through  small  holes  in  the  silk,  have  their  outer  ex- 
tremities united  in  a  brass  ring,  and  to  this  ring  the  kite-string, 
containing  a  wire  strand,  is  attached  by  means  of  a  hook.  By  this 
Dd2 
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arrangement  the  wind  blows  the  silk  against  the  stretchera  mlh  but 
little  chance  of  breaking  them:  and  the  foni  braces  keep  the  Idte 
much  steadier  than  hj  the  usual  aingle  loop.  There  are  some  other 
peculiarities  belonging  to  this  kite,  but  they  are  haidl^  worth  des- 
cribing, excepting,  perhaps,  the  advantage  of  having  the  tail  in 
several  pieces,  which  is  found  convenient  to  give  the  proper  trim 
for  various  forces  of  the  wind. 

The  complete  stock  of  my  atmospheric  electrical  apparatus,  in 
addition  to  five  silken  kitea  with  their  wired  stiiogs,  consists  of  a 
reservoir,  a  Leyden  bottle  with  its  discharger,  a  compass-needle,  a 
soft  steel  needle  enclosed  in  a  spiral  wire,  and  a  delicate  pith  ball 
electroscope,  which,  with  the  esception  of  the  reservoir,  ace  suffi- 
ciently portable  to  be  put  in  the  pocket. 

The  reservoir  consiata  of  a  hollow  tio  cylinder,  mounted  on  a 
stout  glass  pillar,  as  represented  in  the  figure 
opposite.  The  upper  end  of  the  tin  cylinder 
is  open  for  the  purpose  of  lodging  in  it  that 
part  of  the  string  not  taken  up  by  the  kite, 
and  in  order  to  keep  the  strain  of  the  string 
from  pulling  down  the  reservoir,  the  latter 
is  anchored  by  silken  cables,  which  keep  it 
steady  ;  the  string,  also,  has  a  silken  cord 
termination,  which  reaches  over  the  mouth 
of  the  prime  conductor,  and  has  its  other 
end  anchored  in  the  ground.  To  the  lower 
part  of  the  reservoir  is  screwed  a  Lane'a 
discharger,  with  a  wire  for  occasional  con- 


The  coated  bottle  is  enclosed  in  a  cylindrical  brass  case,  to  protect 
it  from  breaking.    When  the  cover  u  token  off  the  body  of  the  case 
the  neck  of  the  bottle,  with  its  brass  ball, 
is  exposed.     A  small  discharging  rod,  with 
one  metal  branch  and  a  short  ivory  handle, 
ia  attached  to  one  end  of  a  copper  wire,  the 
other  end  being  connected  with  the  brass 
case,  and  consequently  wilJi  the  outer  coat- 
ing of  the  jar.     Within  the  lid  of  the  cylin- 
drical case  is  the  compass  card  and  its  mag- 
netic needle,  which  being  covered  with  glass, 
in  the  usual  way  of  fitting  up  small  compass 
boxes,  is  protected  from  injury,  and  when 
removed  from  the  case  is  placed  horizontally        /<^^^^\ 
on  the  ground,  and  the  needle  takes  its  proper       ^r*^^ 
position.     The  jar,  with  its  neck  and  ball       '^tfS^ 
exposed,  and  the  discharger  applied  as  in  the  act  of  discharging  the 
bottle  through  the  spiral  wire,  is  represented  by  the  figure.     The 
lid  of  the  case  in  the  capacity  of  a  compass-box  is  seen  bdow  the  jar. 

When  the  kite  is  about  to  be  used  on  a  fine  cloudless  day,  for  the 
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mere  purpose  of  ascertaining  the  character  of  the  electricity  of  the 
air  at  a  considerable  altitude,  it  may  be  let  fly  from  the  hand  in  the 
usual  way,  by  paying  out  the  string  as  fast  as  it  can  be  taken  up. 
When  sufficiently  high,  a  single  hitch  is  taken  round  the  reel,  or 
stick,  if  wound  on  one,  to  prevent  more  string  leaving  it.  The 
silken  cord  is  now  fastened  to  the  kite-string,  and  the  other  end 
anchored  in  the  ground.  In  cases  of  this  kind  there  is  no  need  of 
the  reservoir.  When  the  kite  has  been  anchored  a  few  minutes, 
the  knuckle  may  be  presented  to  the  string,  and  probably  a  spark 
will  be  experienced.  The  bottle  is  now  to  be  charged  by  applying 
its  ball  to  the  string,  and  afterwards  discharged  by  the  proper  appa- 
ratus. If  the  charge  appears  high,  the  spiral  with  its  enclosed 
needle  is  to  be  placed  in  the  circuit  as  shown  in  the  figure,  and  a 
few  discharges  sent  through  it.  These  will  magnetize  the  needle : 
which,  when  presented  to  either  pole  of  the  compass  needle  in  the 
box,  will  display  the  character  of  the  pole  presented,  and  this 
polarity  of  the  magnetized  needle  will  indicate  the  direction  of  the 
electric  current  through  the  spiral  wire,  according  to  the  law  of 
electro-magnetism  already  explained.  If  the  current  traversed  the 
spiral  wire  from  the  inside  to  the  outside  of  the  bottle,  its  inside  was 
electro-positive,  and  consequently  the  string  was  electro-positive, 
and  also  the  air  was  in  the  same  state  with  reference  to  the  ground. 
This  is  the  usual  electric  state  of  the  atmosphere  when  perfectly 
clear  and  no  appearance  of  clouds.  Such  an  atmosphere,  however, 
though  constantly  positive  with  reference  to  the  ground,  is  much 
more  powerfully  so  on  some  occasions  than  on  others.  I  have 
usually  found  it  most  powerful  during  the  sharp  cold  north-east 
winds  in  March  and  the  beginning  of  April. 

With  about  half  a  mile  of  string  out,  during  a  sharp  breeze  from 
the  north-east,  I  have  had  a  series  of  sparks,  too  rapid  to  be  counted, 
through  a  plate  of  air  between  the  reservoir  and  the  ball  of  the 
discharger,  of  an  inch  and  a  half  in  thickness.  This  circumstance 
occurred  at  the  Military  College  at  Addiscombe,  in  March,  1824. 

During  the  afternoon  of  the  same  day  I  attached  the  lower  end  of 
the  kite-string  to  the  back-band  of  another  kite,  and  by  this  means 
got  up  about  another  quarter  of  a  mile  of  string.  The  upper  kite 
now  floated  very  high,  and  being  of  a  light  blue  colour,  nearly  cor- 
responding with  the  colour  of  the  sky,  required  a  good  search  of  the 
eye  to  find  it.  When  the  lower  string  was  anchored  the  shocks 
which  it  delivered  to  those  who  approached  it  were  exceedingly  se- 
vere. About  fifty  of  the  gentlemen  cadets  received  shocks  from  the 
string,  but  not  more  than  two  or  three  of  them  could  be  prevailed  on 
to  approach  the  string  a  second  time.  I  experienced  one  of  these  shocks 
myself,  and  the  blow  was  tremendous  and  general  throughout  the 
whole  system,  but  most  severe  in  the  arm  that  received  the  discharge, 
the  chest,  thighs,  and  shin-bones.  I  next  brought  out  a  large  Leyden 
jar  of  the  capacity  of  three  gallons,  and  applied  its  ball  to  the  dis- 
charger of  the  reservoir.     The  charge  of  the  jar  was  rapidly  accom- 
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plislied,  with  such  an  intensitj  as  to  occasion  spontaneous  discharges 
over  the  top.  Under  those  favourable  circumstances  I  made  a  great 
number  of  experiments.  A  piece  of  ordnance  was  several  times 
fired  by  discharges  from  the  jar,  and  twice  by  sparks  from  the  string ; 
all  the  sewing  needles  that  could  be  mustered  were  magnetized ; 
copper  and  silver  were  revived  from  their  solutions,  and  water  was 
operated  on,  but  only  very  slightly  decomposed.* 

I  will  just  mention  in  this  place,  once  for  all,  that  I  have  occa- 
sionally found  it  necessary  to  elevate  the  upper  end  of  the  string  by 
the  assistance  of  three  kites  in  series,  in  order  to  get  even  a  trifling 
charge  of  the  small  experimenting  jar. 

If  the  kite  experiments  be  intended  to  ascertain  the  electric  state 
of  the  atmosphere  at  different  altitudes,  then  it  will  be  necessary  to 
have  four  or  more  kites  elevated  with  different  lengths  of  string,  in 
order  that  they  may  float  at  different  altitudes.  Experiments  for 
this  purpose  can  never  give  satisfactory  results  only  under  a  cloud* 
less  sky,  and  then  in  all  cases,  as  I  have  before  stated,  it  will  be 
found  that  the  atmosphere  is  more  and  more  electrical  as  the  strata 
explored  are  more  elevated. 

In  hot  sultry  weather,  and  especially  when  hazy,  the  atmosphere 
is  highly  charged  with  the  electric  fluid  at  a  very  low  altitude.  I 
have  on  some  occasions  found  the  shocks  from  the  kite-string  quite 
insupportable  when  the  kite  was  not  higher  than  a  church  steeple, 
and  this  too  when  the  string  was  not  insulated.  Under  these  cii- 
cumstances  it  is  impossible  to  let  out  much  string  in  the  usual  way, 
by  paying  it  through  the  hand. 

When  the  electric  shocks  are  thus  powerful  from  low  altitudes, 
and  it  is  desirable  to  get  the  kite  higher,  the  best  method  is  to  bring 
down  the  kite,  and  when  down  stretch  out  on  the  ground  the  whole 
length  of  string  intended  to  go  up,  with  the  kite  attached  at  one 
end  and  the  insulation  perfect  at  the  other ;  also  the  spare  string  in 
the  reservoir  and  the  ball  of  the  discharging  piece  adjusted  to  a  mo- 
derate distance,  about  an  inch  and  a  half  from  it,  with  its  wire  stuck 
in  the  ground.  Thus  prepared  the  kite  will  ascend  from  the  hand,  and 
when  elevated  a  while,  the  apparatus  at  anchor  may  be  observed* 
If  sparks  be  seen  between  the  reservoir  and  the  dischu-ging  ball  the 
power  is  great,  too  great  indeed  for  the  operator  to  approach  the 
string.  If  no  sparks  be  seen  the  baU  may  be  pushed  a  little  closer 
until  they  appear,  which,  under  the  circumstances  mentioned,  are 
likely  to  be  copiously  produced.  In  some  instances  during  hot 
hazy  days,  I  have  seen  the  sparks  strike  through  more  than  two 
inches  in  rapid  succession  for  more  than  an  hour  continuously.  It 
is  easy  to  charge  a  jar  on  such  occasions,  and  by  magnetizing  a  nee* 
die,  to  ascertain  the  electric  state  of  the  haze,  which  I  have  always 
found  to  be  positive. 

*  This  BcrieB  of  experiments  have  been  regularly  alluded  to  in  my  leetores, 
bat  never  before  recorded ;  nor  do  I  know  of  any  similar  scries  of  experi- 
ments recorded  by  any  other  person. 
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During  the  snnimer  season  it  is  always  diffieiilt,  If  not  dai^eroosi 
to  elevate  the  kite  when  cloads  are  abont,  without  the  precaur 
tion  of  first  stretching  the  string  on  the  ground  and  making  the 
other  preparations  already  named :  for  want  of  such  precaution  I 
have  frequently  experienced  severe  blows  whilst  paying  out  the  string. 
When  there  is  any  appearance  of  lightning,  even  though  not  near, 
the  string  must  never  be  let  pass  through  the  hand  w£jlst  elevating 
the  kite.  Flashes  of  lightning  invariably  produce  electric  waves  in 
the  air  to  a  great  distance  on  every  side,  and  these  waves  produce 
tremendous  discharges  through  the  medium  of  the  kite  string  when  it 
happens  to  be  in  their  way,  and  might  injure  or  even  kill  the  operator 
were  he  dose  to  the  apparatus  at  the  time. 

Floating  clouds  also,  when  no  lightning  is  present,  an  invariably 
productive  of  electric  waves,  when  they  are  highly  charged.  I 
have  had  a  good  deal  of  experience  amongst  electric  waves  thus 
produced,  and  occasionally  have  permitted  others  to  experience  their 
effects.*  I  have  frequently  been  much  annoyed  by  powezful  shocks 
from  waves  whilst  taking  in  the  kite  string.  On  one  occasion  I 
was  struck  a  violent  blow  by  a  discharge  whuh  passed  over  about 
two  yards  of  silk  ribbon,  though  the  kite  string  was  uninsulated 
at  the  time,  being  tied  to  a  tree.  The  doud  producing  the  wave 
was  thin  and  of  small  dimensions,  and  not  within  a  quarter  of  a  mile 
of  the  kite. 

To  give  an  idea  of  the  manner  in  which  electrical  waves  are  formed, 
and  of  their  influence  on  bodies  amongst  which  they  flow,  it  vrill  be 
necessary  to  call  to  your  recollection  Sie  illustrations  already  given 
on  the  subject  of  electro-polariaation.  You  are  avrare  that  an 
already  charged  body  has  the  power  of  disturbing  the  natural 
electric  equilibrium  of  those  b(xlies  which  are  plaieed  within  its 
sphere  of  influence ;  and  that  an  electro-positive  body  repels  the 
fluid  from  the  vicinal  part  of  the  body  on  which  it  acta,  and  thus 
renders  it  negative ;  and  the  body  itsdUT,  taken  as  a  whole,  becomes 
electro-polar  whether  insulated  or  not. 

You  may  now  suppose  the  polarizing  body  to  be  an  insulated 
sphere  as  represented  by  p 
in  the  opposite  flgure,  and 
that  the  nearest  body  is  a 
brass  cylinder,  and  beyond 
the  cylinder  another  metallic 
sphere  v  is  placed,  all  insula- 
ted. Now,  accordingly  with 
the  doctrine  of  electro-polari- 
aation,  the  electro-positive 
^here  p  polarizes  the  cylin- 

*  Seneaiit  Rndd  of  the  Royal  Artilleiy,  if  stiU  alive,  remeiabenwdlliM 
efieet  of  aneleetrieal  wave.  Having  presented  his  hand  to  the  kite  tMsm 
several  times  witheot  experiencing  even  a  spark,  in  the  AitiUerv  Bemek 
fTOonds  at  Woolwich,  he  began  to  langh  at  the  idea  of  electric  sbodB  jbom 


424  Elementary  Lectures  in  Eledricity. 

der,  rendering  the  vicinal  end  negative  and  the  remote  end  positive. 
The  cylinder  now  beomes  a  polarizing  body,  as  decidedly  as  the 
original  electrical  sphere  v,  and  in  its  turn  polarizes  the  sphere  n, 
by  repelling  its  fluid  to  the  remote  side. 

In  all  cases  of  electro -polarization  there  is  a  polar  axis,  which  is 
a  line  joining  those  two  opposite  points  of  the  polar  body  on  which 
the  electric  action  is  exerted  to  the  highest  deg^ree.  These  points 
are  in  fact,  the  real  poles  of  the  body.  The  polar  axis  of  a  sphere 
passes  through  its  centre,  and  consequently  is  coincident  with  a 
diameter.  When  the  three  bodies  represented  by  the  figure,  have 
their  centres  in  the  same  right  line,  the  polarizing  axis  of  the 
system  passes  through  the  centres  of  all  the  bodies,  as  represented 
by  the  dotted  line. 

Now,  in  order  to  produce  electric  waves  in  the  cylinder  and  the 
sphere  n,  we  have  only  to  move  the  polarizing  sphere  p  to  and  fro,  in, 
or  nearly  in  the  axis  of  polarization  represented  by  the  dotted  line.  Let 
us  suppose,  for  instance,  that  the  sphere  p,  is  first  placed  too  remote 
from  die  cylinder  to  disturb  its  natural  equilibrium :  under  these 
circumstances,  both  the  cylinder  and  the  sphere  n  will  be  neutral. 
Now  advance  the  sphere  p  gradually  towards  one  end  of  the  cylin- 
der: a  corresponding  departure  of  the  fluid  takes  place  from 
the  vicinal  to  the  remote  parts  of  the  latter,  and  the  gradual  accu- 
mulation at  the  remote  end  produces  a  corresponding  and  simultane- 
ous movement  of  the  fluid  belonging  to  the  sphere  n.  In  each  body, 
therefore,  there  is  an  electric  wave  during  the  advance  of  the  dis- 
turbmg  body  p.  Now  withdraw  the  sphere  p  :  the  fluid  in  both  the 
cylinder  and  the  sphere  n  flows  back  again,  and  the  electric  waves 
in  those  bodies  are  in  the  reverse  order  to  the  former.  It  will 
now  be  quite  obvious  that  were  the  sphere  p  moved  to  and  ho 
amongst  a  promiscuous  group  of  bodies,  that  electric  waves  would 
be  produced  in  the  group  corresponding  with  the  motions  of  the 
disturbing  electrical  sphere. 

Hitherto  we  have  considered  the  bodies  to  be  insulated,  and  their 
centres  all  in  the  same  right  line  ;  but  we  have  seen  in  a  former 
lecture  that  if  the  sphere  n  were  uninsulated  the  polarization  would 
take  place  with  greater  facility  and  to  a  greater  extent ;  and  if  in- 
stead of  moving  the  polarising  sphere  p  in  a  line  with  the  centres  of 
the  other  two  bodies,  the  axis  of  polarization,  and  consequently  the 
poles  of  those  bodies,  would  be  very  differently  situated.  If  the 
polarizing  body  p  were  to  move  past  or  over  those  other  two  bodies, 
the  axis  of  polarization  would  be  continually  changing  its  position. 
Such  also,  would  be  the  case  were  the  sphere  p  to  move  over  an  un« 
insulated  mass  of  any  conducting  matter  whatever,  as  is  the  case  in 

the  air.  Shortly,  however,  I  spied  a  cloud  making  its  appearance  bdiind 
the  Repotitory,  and  on  its  approach  asked  the  seijeant  to  try  again.  He  did 
so,  hot  before  he  got  his  hand  near  to  the  string  a  discharge  stmck  it,  and 
sent  the  sceptic  reeling,  to  the  great  amnsement  of  his  briber  non-commis- 
sioned oflicers  who  were  present.  * 
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nature ;  for  when  a  highly  eleotrized  cloud  is  floating  over  a  tract 
of  country,  it  polarizes  the  land  as  it  passes  over  it,  and  produces 
electric  waves  within  the  surface,  when  of  good  conducting  quality, 
both  in  the  direction  of  its  path  and  laterally,  on  both  hands,  as 
decidedly  as  a  vessel  under  sail  produces  waves  on  the  surface  of  the 
water  otherwise  perfectly  at  rest. 

But  it  has  already  been  shown  that  in  the  electro-polarization  of 
conducting  bodies,  the  intervening  plates  of  air  are  also  polarized, 
and  consequently  highly  charged  clouds  polarize  the  atmospheric  air 
all  around  them,  repelling  the  electric  fluid  to  a  great  distance,  and 
leaving  a  vicinal  negative  space  on  every  side.  Now  imagine  the 
cloud  to  move  on,  the  air  around  its  path  successively  yielding  to 
its  polarizing  influence,  suffers  its  natural  share  of  electric  fluid  to . 
flow  to  remoter  parts,  and  the  advancing  cloud,  thus  endowed  with 
power,  enforces  an  atmospherical  electric  tide,  in  correspondence 
with  its  progress  through  the  air.  It  is  this  primary  tide^wave  in 
the  air  that  polarizes  the  ground,  and  produces  a  corresponding 
electric  wave  over  the  tract  of  country  above  which  the  cloud 
floats. 

When  an  electric  cloud  is  driven  by  the  wind  towards  a  high 
piece  of  ground  whose  substance  is  a  bad  conductor,  that  substance 
resists  the  electric  wave,  and  will  not  suffer  the  fluid  from  the  air  to 
transpierce  it :  an  accumulation  then  takes  place  on  the  face  of  the 
hill,  which  becomes  charged,  in  the  manner  of  charged  non-con- 
ducting solids  generally.  The  consequence  is  a  reaction  against 
the  cloud,  upon  the  principle  of  electric  repulsion.  The  cloud 
being  now  under  the  influence  of  two  forces,  the  wind  and  the  elec- 
tric repulsion,  will  have  its  speed  retarded,  if  not  arrested  altogether. 
Its  future  path  will  depend  on  the  relative  power  of  the  two  forces, 
and  on  the  direction  lines  in  which  they  are  exerted.  Chatham 
Lines,  which  is  a  portion  of  the  great  chalk  formation,  is  remarkable 
for  giving  new  directions  of  motion  to  approaching  electric  clouds. 
Shooter's  Hill,  also,  I  have  known  to  give  electric  clouds  very  dif- 
ferent directions  to  those  previously  pursued  from  the  force  of  the 
wind  alone.  It  is  far  from  being  an  uncommon  circumstance  to 
see  electric  clouds  floating  in  opposition  to  a  light  wind ;  and  very 
frequently  indeed,  their  motions  are  oblique  to  it 

Now,  since  electric  clouds  travel  with  the  greatest  facility  over  a 
country  which  offers  the  least  resistance  to  Uie  grand  electric  tide 
wave,  there  can  be  no  wonder  at  their  greater  tendency  to  pass 
over  wet  land,  rivers,  &c.,  than  over  dry  land,  which  is  a  worse  con- 
ductor, especially  when  such  land  is  high.  When  clouds  are  deflec- 
ted from  Uie  wind's  direction,  they  are  certain  to  be  guided  by  the 
conducting  character  of  the  country  below.  With  respect  to  Chatham 
Lines  and  Shooter's  Hill,  I  have  had  frequent  opportunities  of  ob- 
serving clouds  deflected  by  them  to  the  respective  neighbouring  rivers, 
the  Medway  and  the  Thames.  From  these  facts  &ere  seems  to  be 
a  possibility,  at  least,  of  forming  an  idea  of  the  character  of  the  geo- 


426  Elementary  Lectures  in  EleetrieUy. 

logical  strata  by  observing  the  motions  of  thunder  clouds  and  others 
highly  charged  with  electricity. 

That  flashes  of  lightning  produce  electric  waves  on  every  side, 
may  easily  be  understood  by  considering  what  would  happen  to  the 
cylinder,  were  the  sphere  p  to  be  suddenly  charged  and  only  for  a 
moment.  A  sudden  and  momentary  polarization  would  be  the  con- 
sequence, by  an  electric  wave  firam  the  vicinal  to  the  remote  end  of 
the  cylinder,  which  would  immediately  retire  again  on  the  exit  of  the 
disturbing  force  from  the  sphere  p.  Electric  waves  produced  by 
flashes  of  lighting,  are  necessarily  rapid,  and  only  of  momentary  ex- 
istence, whilst  those  produced  by  clouds  are  slow  and  of  long  con- 
tinuance. Both  classes  of  electric  waves  may  be  illustrated  by  the 
following  experiments. 

Place  three  or  four  gold  leaf  electroscopes  in  a  row,  at  some  dis- 
tance from  one  another,  on  the  table,  then  take  hold  of  the  coating 
of  a  highly  charged  Leyden  jar,  and  pass  its  ball  slowly  over  the 
electroscopes  :  the  wave  thus  produced  in  the  air  causes  their  leaves 
to  diverge  as  this  artificial  cloud  passes  over  them  in  succession.  If, 
instead  of  the  usual  ball  of  the  Leyden  jar,  a  large  well-polished  ball 
were  attached  to  it  by  a  long  metal  stem,  the  effect  on  the  electro- 
scopes would  indicate  the  power  of  this  class  of  waves  in  a  veiy 
beautiful  manner. 

To  illustrate  electric  waves  produced  by  lightning,  I  place  a  gold 
leaf  electroscope  at  a  considerable  distance  from  the  prime  conductor 
of  the  machine,  and,  before  the  latter  becomes  electrized,  I  hold  a 
large  brass  ball  against  it.  Now  turn  the  machine  :  nothing  happens 
to  die  electroscope,  but  the  moment  I  remove  the  ball  it  receives  a 
spark ;  in  fact,  a  miniature  flash  of  lightning  ;  and  the  gold  leaves 
of  the  electroscope  are  thrown  open,  indicating  the  influence  of  the 
momentary  wave.  In  neither  case  is  there  left  any  trace  of  electric 
action  in  die  electroscopes.  But  if  each  electroscope  were  to  be 
furnished  with  a  pointed  wire,  projecting  upwards,  the  whole  would 
remain  electrical :  the  series  of  electroscopes  over  which  the  electric 
ball  passed  would  show  that  tall  rods  pointing  into  the  air  receive 
electric  fluid  whilst  an  electric  cloud  passes  over  them ;  and  the 
electroscope  charged  by  the  vrave  from  a  spark  is  a  good  illustration 
of  the  electrization  of  tall  pointed  rods  by  a  wave  from  a  flash  of 
lightning. 

Although  I  have  employed  the  ball  of  a  Leyden  jar  in  these  ex- 
periments, I  am  far  from  supposing  that  a  charged  jar  is  a  just  re- 
semblance of  an  electrie  cloud  ;  nor  do  I  entertain  the  idea  that  the 
air  becomes  charged  in  the  manner  that  coated  glass  is  charged.  In 
my  opinion,  there  is  not  at  the  present  day  a  more  palpable,  certainly 
not  a  more  popular  error,  amongst  writers  on  electricity,  than  that  of 
supposing  the  air  to  be  charged  like  glass.  About  the  year  1755, 
an  experiment  was  established  by  ^pinus  and  Wilche,  at  Berlin, 
which  was  supposed  to  show  the  identity  of  charged  glass  and  charged 
plates  of  air ;  and  although  the  apparatus  was  neither  more  nor  less 
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than  a  condenser  on  a  large  scale,  the  identity  was  supposed  to  be 
proved  by  means  of  it ;  and  from  that  time  to  the  present  the  same 
opinion  has  prevailed,  even  amongst  the  most  famous  of  electricians. 
This  Berlinean  experiment  is,  however,  exceedingly 
interesting,  from  its  affording  a  better  exemplifica- 
tion of  lightning  than  any  other.     The  apparatus 
for  this  experiment  consists  merely  of  two  circular 
boards,  of  four  or  more  feet  diameter,  both  of  which 
are  covered  with  tinfoil.     When  used,  one  of  the 
boards  is  suspended  by  three  silken  cords  to  the 
ceiling,  and  connected  by  a  wire  with  the  prime 
conductor.     The  other  is  placed,  uninsulated,  di- 
rectly beneath  the  former,  their  planes  being  pa- 
rallel to  each  other.     The  adjoining  figure  will  re- 
present their  relative  situations.   When  tlie  machine 
is  put  into  motion   the  upper  board  necessarily 
becomes    electro-positive,    and   upon    the    prin- 
ciples of  polarization,   the  lower  board  becomes 
electro-negative  :  and  the  apparatus  is  now  in  the  capacity  of  a  con- 
denser.    If  the  action  of  the  machine  be  now  arrested  for  a  moment 
no  charge  is  to  be  found  in  the  intervening  plate  of  air,  nor  any  spark 
discoverable  from  the  charged  board,  beyond  such  as  is  usually 
found  at  the  prime  conductor  after  the  machine  has  ceased  working, 
but  coated  glass  would  have  retained  the  chai^  discoverable  by  these 

means !  1 1 

If  now,  we  place  a  well  polished  metallic  hemisphere  on  the 
middle  of  the  lower  board,  a  series  of  sparks  will  strike  it  from  the 
upper  one  ;  and  when  the  distance  is  such  that  the  sparks  are  not 
frequent,  each  spark  is  highly  imitative  of  a  flash  of  lightning,  and 
the  noise,  though  feeble,  is  the  thunder  accompanying  ti^e  miniature 
flash;  for  lightning  is  an  electric  discharge  in  the  atmosphere, 
sometimes  between  a  cloud  and  the  earth,  but  more  frequendy 
amongst  the  clouds  themselves.     The  electric  fluid  thus  discharged 
flies  swiftly  through  the  air,  in  which  it  leaves  a  vacuous  track 
behind;  but  of  momentary  duration  only:  for  the  displaced  air 
suddenly  collapses,  and  the  noise  of  thunder,  as  one  sudden  report, 
is  produced ;  whidi,  by  reverberation  amongst  the  clouds  and  neigh- 
bouring lulls,  is  echoed  and  re-echoed  many  times  over  in  a  succes- 
sion of  peculiar  sounds,  of  a  gradually  decreasing  intensity,  until 
the  last  murmur  terminates  the  electro-acoustic  event. 

The  cause  of  lightning  clouds  has  long  been  a  topic  of  speculation 
amongst  philosophers.  The  celebrated  Yolta,  of  Como,  showed 
that  the  vapour  of  water  from  the  surface  of  the  earth  takes  up  an 
immense  quantity  of  the  electric  fluid,  and  consequently  charges  the 
air  with  it.  To  illustrate  the  fact  of  vapour  or  steam  taking  up 
electric  fluid,  I  have  only  to  place  a  small  tin  dish  containing  water 
on  the  cap  of  the  gold-leaf  electroscope,  and  then  put  a  red-hot 
cinder  into  the  water.    This  produces  a  copious  evaporation,  and 
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the  gold  leaves  direrge.  Whilst  thus  divergent  I  test  the  electric 
state  of  the  electroscope,  and  find  it  negative.  Hence  it  is  obvious 
that  a  portion  of  its  natural  electricity  has  fiown  off  by  means  of  the 
steam.  This  is  the  simple  fact,  and  nothing  more,  and  gives  no 
reason  whatever  why  the  steam  should  take  away  more  fluid  than 
naturally  belonged  to  that  portion  of  the  water  from  which  it  was 
formed.  By  the  help  of  Franklin's  can  and  chain,  however,  we  shall 
be  enabled  to  arrive  at  a  satisfactory  explanation. 

When  the  dish  of  water  was  at  the  common  temperature  it  oc- 
cupied a  certain  space,  and  contained  its  natural  quantity  of  the 
electric  fluid,  or  precisely  that  quantity  which,  in  the  character  of 
water  its  susceptibility  of  charge  would  allow ;  but  as  soon  as  it 
became  converted  into  steam,  its  dimensions  expanded,  and  a  cor- 
responding expansion  and  consequent  attenuation  of  the  electric 
fluid  took  place,  in  precisely  the  same  manner  as  in  Franklin's 
chain  when  lifted  out  of  the  can.  This  attenuation  of  electric  ac- 
tion in  the  steam  rendered  it  negative,  and  being  in  contact  with  the 
unevaporated  portion  of  the  water  absorbed  electric  fluid  from  it, 
and  thus  rendered  it  negative. 

The  next  step  in  the  illustration  is  to  shew  that 
the  vapour  thus  produced  does  absolutely  carry 
up  with  it  more  of  the  electric  fluid  than  naturally 
belongs  to  it  when  in  the  state  of  water.  For 
this  purpose  I  suspend,  by  means  of  a  silken 
thread,  a  hemispherical  tin  vessel  over  the  steam 
which  rises  from  the  water  in  the  dish,  in  the 
manner  represented  in  the  figure.  The  rim  of  this 
inverted  vessel  is  turned  inwards,  and  formed  into 
a  channel  for  the  purpose  of  collecting  the  water 
from  the  condensed  steam.  By  this  means  I  not 
only  collect  steam  but  its  contained  electric  fluid 
also,  which  condenses  as  the  steam  condenses  in  the 
inverted  vessel.  When  the  evaporation  and  con- 
densation has  proceeded  till  the  gold  leaves  of  the 
electroscope  below  have  diverged  sufficiently  for 
the  purpose,  I  remove  the  insulated  vessel  to  ano- 
ther electroscope,  which  immediately  displays  elec- 
tric action  ;  and  by  the  application  of  an  excited  stick  of  sealing-wax 
this  action  is  foomd  to  be  positive. 

The  results  of  these  experiments  are  very  interesting  in  more 
ways  than  one ;  as  they  not  only  prove  that  steam  is  capable  of 
absorbing  more  of  the  electric  fluid  than  the  water  from  which  it  is 
formed,  but  also  furnish  us  with  a  satisfactory*  explanation  of  the 
origin  of  the  electrization  of  clouds,  which  are  well  known  to  be 
masses  of  the  condensed  aqueous  vapour  which  had  ascended  from 
the  earth  in  a  state  of  high  attenuation.  Recently,  the  electricity 
occasioned  by  condensing  steam  has  been  exhibited  on  a  very  ex- 
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tensive  scale,  by  the  experiments  of  Messrs.  Patterson  and  Arm- 
strong, at  Newcastle-upon-Tyne.* 

From  these  considerations  it  would  appear  that  all  clouds  at  the 
time  of  their  formation  are  electro-positive ;  although,  in  conse- 
quence of  a  slowness  of  the  cloud-forming  process  they  may  occa- 
sionally give  off  to  the  neigbouring  air  the  redundant  electric  fluid 
almost  as  rapidly  as  it  is  condensed.  In  such  cases,  the  resultant 
cloud  would  be  neutral ;  but  when  by  a  sudden  depression  of  tem- 
perature a  dense  cloud  becomes  rapidly  formed,  its  condensed  electric 
fluid  has  no  time  to  escape  in  any  otiier  manner  than  by  a  sudden 
discharge,  which  is  a  certain  result  if  a  proper  object  be  sufficiently 
near  to  remove  it. 

The  object  nearest  to  a  cloud  thus  rapidly  formed,  are  other 
clouds,  either  previously  formed,  or  just  coming  into  existence :  and 
as  it  is  next  to  impossible  that  any  two  of  these  clouds  should  be  in 
precisely  the  same  electric  state,  the  positive  cloud  of  the  group 
darts  its  lightnings  to  those  around  it  which  are  less  intensely 
charged  than  itself.  These  again,  in  their  turn,  discharge  their  light- 
nings to  others  negative  to  themselves :  and  thus  it  is  that  the 
greatest  quantity  of  lightning  is  always  among  the  clouds,  the 
discharges  to  the  ground  being  comparatively  few.  It  is  also  a 
remarkable  fact,  that  when  lightning  does  happen  to  strike  the 
ground,  it  is  generally  succeeded  by  a  profound  pause  of  compar- 
tively  long  duration,  during  which  not  a  glinmier  of  lightning  is 
seen,  nor  is  a  murmur  of  thunder  to  be  heard.  Moreover,  it  is  no 
unfrequent  circumstance  that  the  flash  which  strikes  the  ground 
terminates  the  electric  storm. 

The  immensely  large  haibtones  which  frequently  fall  during  an 
electric  storm,  even  in  the  hottest  part  of  the  summer  season,  indi- 
cate a  sudden  depression  of  temperature  to  have  taken  place  in  the 
region  of  the  clouds ;  and  the  subsequent  cold  that  we  almost  invar- 
iably experience  for  several  successive  days,  would  lead  us  to  infer 
that,  whatever  may  be  the  cause  of  the  depression  of  temperature,  it 
originated  at  some  considerable  altitude  in  the  atmosphere,  and 
progressed  downwards  to  the  surface  of  the  earth. 

There  is  not,  perhaps,  a  more  prevalent  idea  respecting  lightning, 
than  that  the  danger  is  over  inunediately  the  rain  commences 
falling.  This  is  a  sad  mistake :  and  for  want  of  knowing  better 
many  have  become  victims  of  this  terrible  element.  Is  there  a 
summer  passes  over  otir  heads  without  some  fatal  accident  from 
lightning  ?  Scarcely  one.  Men  who  are  ignorant  of  the  danger 
they  are  about  to  expose  themselves  to,  and  animals  of  all  kinds, 
take  shelter  under  trees,  and  other  tall  objects  during  an  electric 
storm ;  not  however  from  the  lightning,  but  from  the  heavy  rain 
which  is  falling.     The  tree  is  struck,   and  the  ill-fated  refugees 

*  A  fbll  descriptioii  of  these  brflUant  experiments  appeared  in  the  ^'Annali 
of  Electricity,  Magnetism,  and  Chemistry,  &c.,"  vols,  v,  and  vi. 
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killed  on  the  spot,  thoagh  prior  to  the  fatal  event  no  discharge  had 
atruck  an  object  on  the  ground  :  every  flash  was  between  cloud  and 
cloud,  and  the  whole  display  in  the  aerial  regions  far  above  the 
loftiest  object  in  the  surrounding  country. 

That  lightning  strikes  the  ground  more  frequently  during  rain 
than  previously  is  a  fact  that  cannot  be  denied :  and  that 
this  flEkct  is  strictly  in  accordance  with  the  principles  of  elec- 
tricity may  easily  be  demonstrated  both  by  analogy  and  experi- 
ment. An  electric  storm  is  generally  proceeded  by  a  period  of 
dry  weather,  the  atmosphere  below  IJie  clouds  being  veiy  dry, 
and,  consequently  a  bad  conductor,  indeed  it  is  ranked  amongst 
the  non-conductors,  and  the  thickness  of  the  stratum  between 
the  clouds  and  the  ground  is  very  considerable.  But  thia  is  not 
the  case  in  the  region  of  the  clouds;  an  immense  quantity  of 
aqueous  vapour  is  there  condensing,  whirh  renders  the  air  a  better 
conductor,  and  the  distance  between  the  clouds  is  but  trifling. 
Hence,  there  is  considerably  less  resistance  between  cloud  and  cloud 
than  between  the  clouds  and  the  ground ;  and  though  the  diflerenoe 
of  electric  intensity  might  not  be  so  great  in  the  former,  as  in  the 
latter  case,  the  superior  electric  conduction,  and  the  vicinity  of  the 
objects,  tend  to  determine  the  discharges  amongst  themselves ;  and  it 
is  not  till  the  falling  rain  has  improved  the  conducting  quality  of  the 
air  below,  and  thus  lessened  the  resistance  to  the  electric  force  in  tiie 
clouds,  that  lightning  is  capable  of  transpiercing  it.  It  is  therefore 
during  the  rain  that  the  danger  is  greatest. 

The  experimental  illustration  of  this  topic  is  remarkably  beautifbl 
and  satisfactory.  For  this  purpose  I  employ  a  large  Leyden  jar, 
the  universal  discharger,  and  a  plate  of  glass  about  a  foot  long.  I 
bring  the  balls  of  the  sliding  wires  of  the  universal  discharger  into 
contact  with  the  glass  plate  whilst  placed  on  the  table,  at  about  two 
inches  distance  from  each  other.  One  of  the  balls  I  connect  with  the 
metallic  plate,  and  when  the  jar  is  charged  to  a  high  intensity  1 
apply  the  discharging  rod  to  connect  the  other  with  the  ball  of  the 
jar  :  but  no  discharge  takes  place ;  which  is  in  consequence  of  the 
distance  between  the  balls  on  the  glass  being  too  great.  I  now  bring 
the  balls  to  about  one  inch  from  each  other,  get  the  jar  up  to  the 
previous  intensity,  again  apply  the  discharging  rod  and  the  discharge 
takes  place.  Now  the  resistance  of  a  plate  of  diy  air  of  about  an 
inch  in  thickness,  is  nearly  as  much  as  the  most  intense  charge  of 
the  jar  is  capable  of  overcoming.  I  will  now  moisten  the  air  between 
the  balls,  by  breathing  on  the  glass,  and  I  will  remove  the  balls  till 
they  are  three  inches  asunder.  You  will  now  see  that  the  same 
extent  of  charge  of  the  jar  as  before  is  capable  of  striking  over  the 
three  inches  of  moist  surface.  I  wiU  now  increase  the  distance 
between  the  ball  to  eight  inches,  and  by  means  of  a  wet  camel-hair 
pencil,  draw  an  aqueous  line  between  them.  You  will  now  have 
an  opportunity  of  viewing  a  most  beautiful  phenomenon.  The 
discharge  of  the  jar  traverses  the  eight  inches  between  the  balls  on 
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the  glass,  and  the  fluid  is  seen  in  a  compact  body,  with  all  the 
brilliancy  of  lightning,  passing  the  whole  length  of  the  aqneous  line. 

The  striking  distance^  in  electric  language,  is  any  distance  between 
two  bodies  through  which  the  electric  fluid  is  capable  of  passing, 
or  striking,  in  a  compact  discharge ;  and  as  the  striking  distance 
is  increased  by  an  increase  of  intensity  of  the  charge,  and  also  by 
reducing  the  resisting  character  of  the  medium,  it  will  depend  upon 
both  of  these  circumstances  :  that  is,  it  will  be  directly  as  the  inten- 
sity, and  inversely  as  the  resisting  character  of  the  aerial  medium  ; 
which  in  symbols  will  stand  thus  :  d  is  as  i ,  in  which  n  represents 
the  striking  distance,  i  the  intensity  of  the  charge,  and  r  the  resisting 
character  of  the  aerial  medium.  Hence,  when  the  intensity  is 
constant,  the  striking  distance  will  be  reciprocally  as  the  resisting 
medium ;  or,  in  still  more  general  and  familiar  language,  the  striking 
distance  is  greater  as  the  non-conducting  quality  of  the  air  is  dimi- 
nished ;  and  as  the  air  has  its  non-conducting  quality  lessened  by 
an  admixture  with  water,  the  striking  distance  of  lightning  from  a 
cloud  in  the  direction  of  the  earth  must  be  greater  during  rain  than 
when  the  air  is  not  so  charged  with  water. 

Again :  when  the  resisting  medium  is  constantly  the  same,  the 
striking  distance  will  be  as  the  intensity  of  the  charge,  or  d  is  as  i. 
Hence  it  is  that  in  discharges  of  similar  quantities  of  electric  fluid 
from  different  sized  jars,  the  striking  distance  between  the  ball  of 
the  discharging  rod  and  the  ball  of  the  jar  is  very  different,  because 
of  the  difference  of  intensity  in  the  two  cases ;  the  striking  distance 
being  always  greatest  with  the  smallest  jar. 

The  subject  c^  lightning  conductors  is  a  branch  of  practical  elec- 
tricity of  exceedingly  high  interest,  and  demands  the  contemplation 
of  the  most  profound  electricians.  Hitherto,  however,  little  more 
has  been  attended  to  than  the  erection  of  a  pointed  rod  of  iron, 
without  regard  to  situation,  altitude,  diameter,  inferior  termination, 
or  any  of  those  theoretical  points  essential  to  the  efficacy  and  pro-* 
tection  of  the  conductors,  so  as  to  render  it  a  safeguard  to  persons 
and  property  against  the  most  formidable  element  of  nature. 

Franklin,  the  inventor  of  lightning  conductors,  first  proposed  "  for 
protecting  houses,  churches,  ships,  &c.,  from  the  stroke  of  lightning, 
to  fix  on  the  highest  parts  of  these  edifices  upright  rods  of  iron, 
made  sharp  as  a  needle,  and  gilt  to  prevent  rusting ;  and  from  the 
foot  of  these  rods,  a  wire  down  the  outside  of  the  building  into  the 
ground,  or  down  round  one  of  the  shrouds  of  a  ship,  and  down  her 
sides  till  it  reaches  the  water*  Would  not  these  pointed  rods  pro- 
bably draw  the  electrical  fire  silently  out  of  a  cloud  before  it  came 
near  enough  to  strike,  and  thereby  secure  us  from  that  most  sudden 
and  terrible  mischief?" 

This  philosopher,  however,  subsequently  reconmiended  continuous 
iron  rods,  of  about  half  or  three  quarters  of  an  inch  diameter ;  which 
he  said  "  may  be  fastened  to  the  wall,  chimney,  &c.,  with  staples  of 
iron.     The  lightning  will  not  leave  the  rod»  a  good  conductor,  to 
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pass  into  the  wall,  a  bad  conductor,  through  the  staples.  It  would 
rather,  if  any  were  in  the  wall,  pass  out  of  it  into  the  rod,  to  get 
more  readily  by  that  conductor  into  the  earth. 

''If  the  building  be  yery  large  and  extensive,  two  or  more  rods 
may  be  placed  at  different  parts,  for  greater  security. 

"  Small  ragged  parts  of  clouds  suspended  in  the  air  between  the 
great  body  of  clouds  and  the  earth,  often  serve  as  partial  conductors 
for  the  lightning,  which  proceeds  from  one  of  them  to  another,  and 
by  their  help  comes  within  the  striking  distance  of  the  earth  or  a 
building.  It  therefore  strikes  through  those  conductors  a  building 
that  would  otherwise  be  out  of  the  striking  distance. 

"Long  sharp  points  communicating  with  the  earth,  and  pre- 
sented to  such  parts  of  clouds,  drawing  silently  from  them  the  fluid 
they  are  charged  with,  they  are  then  attracted  to  the  cloud,  and  may 
leave  the  distance  so  great  as  to  be  beyond  the  reach  of  striking. 

"It  is  therefore  that  we  elevate  the  upper  end  of  the  rod  six  or 
eight  feet  above  the  highest  part  of  the  building,  tapering  it  gradu- 
ally to  a  fine  sharp  point,  which  is  gilt  to  prevent  its  rusting.  Thus 
the  pointed  rod  either  prevents  a  stroke  from  the  cloud,  or  if  a 
stroke  be  made,  conducts  it  to  the  earth  with  safety  to  the  building. 

"  The  lower  end  of  the  rod  should  enter  the  earth  so  deep  as  to 
come  at  the  moist  part,  perhaps  two  or  three  feet ;  and  if  bent  under 
the  surface  so  as  to  go  in  a  horizontal  line  six  or  eight  feet  from 
the  wall,  and  then  bent  again  downwards  three  or  four  feet,  it  will 
prevent  damage  to  any  of  the  stones  of  the  foundation." 

Such  were  the  instructions  of  the  celebrated  Franklin ;  and  had 
he  recommended  copper  rods  instead  of  iron,  and  directed  them  to 
be  kept  clear  of  the  building  instead  of  being  fastened  to  the  walls 
"  with  staples  of  iron,"  perhaps  no  better  instructions  could  have 
been  given ;  as  far,  at  least,  as  an  individual  rod  is  concerned. 
But  besides  the  injury  that  buildings  may  receive  from  a  flash  of 
lightning  striking  a  conductor  fixed  close  to  the  slates  and  masonry, 
from  lateral  explosions,  a  conductor  consisting  of  a  single  branch 
only  might  be  the  means  of  drawing  down  destruction  to  some  part 
of  the  building  before  the  lightning  reached  the  conductor ;  for, 
were  the  lightning  cloud  on  one  side  of  the  building,  and  the  con- 
ductor on  the  other,  the  lightning  would  neither  go  round  nor  over 
the  house  to  arrive  at  the  conductor,  unless  it  met  with  greater  re- 
sistance in  a  direct  path,  and  as  the  destination  of  lightning  is  fre- 
quently a  great  distance  from  the  cloud,  and  its  paUi  considerably 
oblique,  it  is  possible  that  some  part  of  its  path  might  be  through  a 
part  of  the  building  before  it  arrived  at  a  lightning  rod  which  formed 
another  part  of  its  path. 

Cases  of  this  kind  have  occurred,  and,  consequently,  may  possibly 
occur  again  under  similar  circumstances :  therefore  it  seems  to  me 
that  unless  lightning  conductors  of  proper  materials  and  dimen- 
sions, be  properly  placed,  they  may  be  the  means  of  causing  the 
most  destructive  consequences  to  those  buildings  they  were  intended 
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to  protect.     It  is  very  seldom  indeed  that  a  flash  of  lightning  pro- 
ceeds in  a  vertical  path :  perhaps  never. 

I  never  jet  saw,  or  heard  of,  a  vertical  discharge  of  lightning  ; 
they  are  frequently  very  oblique  indeed.  The  lightning  which  da- 
maged Saint  Michael's  Church,  Liverpool,  last  year,  was  an  oblique 
discharge,  and  struck  the  bronze  cross  at  the  Cop  of  the  spire,  several 
feet  from  ita  top. 

There  is  such  a  display  of  ignorance  in  the  erection  of  tall  spires, 
tliat  it  is  almost  a  miracle  that  the  whole  of  them  are  not  destroyed 
by  lightning.  The  copper  clamps  and  strings  of  lead,  the  former 
uniformly  placed  at  intervals  from  each  other,  and  the  latter  wantonly 
poured  into  the  crevices  of  the  masonry,  render  the  spire  a  complete 
chain  of  alternate  links  of  metal  and  masonry  from  top  to  bottom  : 
the  former  inviting  the  lightning  to  the  edifice,  and  the  latter  offer- 
ing facilities  for  the  most  destructive  explosions.  From  this  very 
arrangement  of  the  materials  in  the  steeples  of  Saint  Michael's  and 
Saint  Martin's,  at  Liverpool,  and  in  the  steeple  of  Brixton  Church, 
have  these  three  steeples  been  shattered  by  lightning.  If  such  modes 
of  building  tall  spires  be  indispensable  to  protect  them  from  the 
power  of  the  wind,  conductors  are  quite  as  indispensable  to  protect 
ihero  from  lightning.  Three  copper  rods  at  equal  distances  from 
one  another,  from  the  top  of  the  spire  to  the  ground,  and  united  at 
the  top,  and  by  one  or  two  bands  below,  woidd  secure  each  spire 
from  lightning  on  which  ever  side  it  approached. 

Lightning  rods,  however  numerous  about  a  building,  should  have 
a  general  metallic  union  ;  they  then  form  a  system  of  conductors  in 
which  the  force  of  the  lightning  would  be  divided,  whichever  Jiranch 
was  struck.  I  have  a  beautiful  experiment  to  offer  to  your  notice 
iHustrative  of  this  fact. 

The  apparatus  represented  by  the  accompanying 
figure  consists  of  a  series  of  iron-wire  chains,  so 
connected  as  to  form  a  system  of  conductors  of  many 
branches.     The  chains  hang  vertically  from  a  huri- 
KOntal  brass  wire,  and  their  lower  ends  rest  on  a  sheet 
of  dnfoil.     The  brass  wire  first  receives  the  fluid 
from  a  discharge  of  the  battery  of  jars,  and  the  tin- 
foil carries  it  from  the  chuns  to  the  outside  of  the 
jar.     The  electric  fiuid,  whilst  traversing  this  circuit,  | 
illuminates  every  chain  in  the  system  to  the  same  { 
extent,  showing  that  it  is  easily  divided  amongst 
them  ;  and  had  there  been  ten  thousand  such  chaunels  it  would  have 
divided  itself  amongst  the  whole  of  them.     This  experiment  shows 
two  or  more  interesting  facts.     It  proves  that  the  iron  scintillates 
at  every  link  by  an  electric  discharge  through  a  chain  of  that  metal ; 
and  these  scintillations  discover  to  us  that  the  fluid  occupies,  and 
paasei  through,  every  channel  in  the  circuit ;  and,  as  I  shall  prove 
more  clearly  by  end  bye,  every  metallic  point  in  the  chains  throws 
off  electric  fluid  into  the  air.  ' 
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It  is  now  time  that  we  proceed  with  some  of  those  popular  expe- 
riments which  have  been  established  for  the  purpose  of  illustrating 
the  bene&cial  effects  of  conductors  when  struck  bj  lightning,  and  an 
experiment  with  the  thunder  house  (an  odd  enough  name)  shaU  be 
the  first  on  the  list. 

This  long  celebrated  piece  of 
apparatus  is  represented  by  the 
opposite  figure,  and  consists  of 
a  model  of  the  gable-end  of  a 
bouse,  to  which  is  attached  a 
lightning  rod,  which  can  be 
made  continuous  or  interrupted 
at  pleasure,  by  means  of  a  square 
piece  of  wood,  which  carries  a 
portion  of  the  rod,  being  placed 
in  certain  positions  tn  a  hole 
which  it  fits  in  the  gable-end. 
When  in  one  position  its  wire 

unites  the  other  two  portions  of  the  lightning  rod,  but  when 
in  another  position  it  disunites  them.  The  lower  extremity 
of  the  discharging  rod  is  in  connection  with  the  outside  of  s 
Leyden  jar,  and  over  the  upper  extremity  hangs  a  brass  ball 
in  connection  with  the  inside  of  the  jar.  When  the  lightning 
rod  is  complete,  and  the  machine  turned  till  the  jar  charges  suf- 
ficiently high  to  overcome  the  resistance  between  the  two  balls,  a 
spontaneous  discharge  takes  place,  and  the  conductor  protects  the 
building ;  but  if  the  square  piece  be  placed  in  its  hole  so  as  to  make 
a  breach  in  the  conductor,  the  next  discharge  of  the  jar  throws  it 
out  of  its  place  to  some  distajtce  on  the'table,  which  is  considered  as 
a  representation  of  a  displacemn«t  of  masonry  in  a  building  struck 
by  lightning. 

The  electrical  pyramid  is  another  piece  of  apparatus  for  illustrating 
the  efficacy  of  lightning  rods,  and  of  the  danger  to  which  such 
are  exposed  when  so  protected.     The  %  '"' 

plinth  on  which  the  pyramid  stands 
is  fixed,  and  contains  the  impor- 
tant piece  on  which  the  fate  of  the 
edifice  depends.  The  opposite  figure 
is  a  representation  of  the  apparatus  in 
which  the  wire  of  the  key-stone  d  is 
placed  at  right  angles  wiUi  the  general 
direcdon  of  the  lightning  rod  c  c,  and 
consequently  there  is  an  interruption  at 
that  place.  The  base  of  the  pyramid 
is  furnished  with  three  balls,  asfeet,  by 
which  it  rests  on  the  plinth  B  F,  one  of 
the  balls  leaning  on  the  moveable  piece. 
Over  the  apex  of  the  pyramid  is  sus- 
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pended  ■  brass  ball  supported  bj  a  glass  pillar.  When  thu 
discharge  of  a  ju  ia  transmitted  to  the  pendent  ball,  the  ]i){ltt- 
ning  strikes  that  on  the  top  of  the  pyramid,  the  brass  rod  of  which 
conducts  it  safely  to  the  ball  at  the  bottom,  but  finding  an  interruption 
there  in  the  metal,  it  explodes  to  arrive  at  the  lower  portion,  c  f,  of 
the  conductor,  and  blows  out  the  key-stone  which  supported  one 
side  of  the  pyramid,  when  down  it  comes,  and  being  made  of  several 
loose  pieces  which  scatter  about  the  table,  its  destruction  seems  com- 
plete. Had  the  wire  of  the  key-stone  been  placed  in  a  vertical 
position,  it  would  have  joined  the  other  parts,  c  c,  of  the  lightning 
rod,  and  the  damage  would  have  been  prevented. 

We  have  several  other  striking  experiments  for  the  purpose  of 
illustrating  the  effects  of  light- 
ning, but  in  aU  our  models  we 
are  obliged  to  take  advantage  of 
good  conductors,  and  give  fliem 
such  positionB  as  may  produce 
the  intended  effect.  This  figure 
represents  the  model  of  a  house 
containing  combustible  mate- 
rials, such  as  has  already  been 
shown  will  ignite  by  an  electric 
discharge,  and  the  result  of  the 
experiment  with  this  model  will 
afford  a  good  idea  of  the  probable  consequence  of  a  flash  of  lightning 
striking  a  building  that  contains  inflammable  articles. 

This  model  ia  made  of  tin  plate  to  prevent  its  entire  destruction 
by  the  experiment.  A  glass  tube  passes  through  each  of  the  two 
opposite  sides  of  the  model,  which  insulate  two  brass  wires  within 
them.  These  wires  have  each  a  brass  ball  at  their  inner  extremities, 
on  one  of  which  is  placed  some  tow  moistened  with  oil  of  turpentine. 
The  shorter  wire  c  s,  has  a  ring  at  its  outer  extremity,  by  whit^ 
and  a  chain  it  is  connected  with  the  outside  of  a  Leyden  jar.  The 
other  wire,  a  b,  is  bent  upwards,  and  the  ball  a  at  its  upper  excre- 
mity  will  receive  the  discharge  from  the  inside  of  the  jar.  An  explo- 
sion takes  place  within  the  building  and  ignites  the  tow  and  turpen- 
tine, producing  all  the  appearance  of  a  deatructiTe  fire. 

The  explosion  of  a  powder 
magazine  would  be  still  more 
dreadful  than  the  firing  of  a 
house  containing  other  kinds 
of  inflammable  materials ;  and 
au  the  Royal  Powder  Maga- 
zines at  Purfleet  have  been 
struck  by  lightning  even  when 
several  lightning  rods  were  at-  I 
tachedlolhem.bnt  fortunately 
withoutexplosionof  their  con-  ' 
lents,  no  means  thought  of  for 
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their  protection  ought  to  be  neglected.  The  model  represented 
by  the  figure,  will  now  receive  a  discbarge  from  a  Leyden  jar, 
and  the  result  will  afford  a  pretty  good  idea  of  the  effects  of  li^bt- 
mng  should  it  enter  a  magazine  of  gunpowder.  The  electric  fluid 
shall  be  discharged  on  the  ball  a,  and  conducted  to  the  powder  barrel 
at  c,  and  the  wire  and  chain  deb,  will  conduct  it  to  the  outside  of 
the  jar.  A  wet  string  is  ^Iso  in  the  circuit.  The  powder  barrel  ex- 
plodes, blows  the  roof  off  the  magazine,  and  levels  the  walls  with 
the  floor.  The  various  parts  of  the  model  are  joined  together  by 
hinges,  and  suffer  but  little  from  the  explosion,  so  that  the  same 
model  may  be  used  several  times. 

Marine  lightning  conductors,  or  those  employed  on  board  of 
ships,  are  simply  chains  ol  copper,  formed  of  links  similar  to  those 
of  the  surveying  chain,  and  are  hoisted  to  the  mast  head  when  there 
is  an  appearance  of  lightning  stiiking  the  ship.  But  the  lightning 
has  frequently  struck  ships  before  the  chain  could  be  got  up :  show- 
ing the  propriety  of  having  a  permanently  attached  conductor, 
which  would  always  be  ready  to  receive  and  carry  off  the  flash. 
Such  fixed  conductors  have  been  proposed,  and  some  are  now  on 
trial  in  the  navy :  but  singular  enough,  these  conductors  instead  of 
carrying  the  lightning  overboard,  would  lead  it  into  the  body  of  the 
ship,  and  should  they  ever  happen  to  be  struck  with  a  powerful 
stroke  of  lightning  the  consequences  might  be  terrible  indeed. 

The  idea  of  carrying  a  conductor  through  the  body  of  the  ship 
originated  with  Mr.  Benjamin  Cook,  of  Birmingham,  about  the  year 
1811,  but  it  has  been  carried  out  by  Mr.  Harris,  of  Plymouth.  Mr. 
H.  has  formed  the  conductors  into  strips  of  copper,  which  are  in- 
serted in  grooves  in  the  after  side  of  the  masts,  from  top  to  bottom, 
and  through  the  keelson  to  the  sea.  In  one  of  the  smaller  men  of 
war,  Mr.  H.  carried  his  mizzen  conductor  through  the  powder  ma- 
gazine ! ! !  The  evils  attending  these  conductors,  arise,  principally, 
from  lateral  explosions  and  electro-magnetic  influence.  I  have 
already  illustrated  the  magnetic  effects  of  electric  discharges  on  a 
miniature  scale,  and  from  these  we  can  form  a  good  idea  of  the 
magnetizing  influence  of  a  flash  of  lightning  passing  through  a  con- 
ductor. 

Imagine  a  chronometer  to  be  placed  near  to  a  conductor  carrying 
a  heavy  flash  of  lightniug :  the  main  and  pendulum  springs,  the 
chain,  arbours,  and  in  fact  every  morsel  of  steel,  would  be  rendered 
permanently  magnetic,  and  consequently  the  machine  rendered  en- 
tirely useless :  and  (he  same  fate  would  attend  every  chronometer 
and  watch  within  ihe  sphere  of  the  electro-magnetic  influence,  which, 
in  such  cases,  would  be  very  extensive,  and  on  evf ry  side  of  the 
conductor. 

The  lateral  discharges  are  of  three  kinds,  which  f  have  dis- 
tinguished 1st,  2nd,  and  3rd,  one  of  which  I  have  already  shown  you, 
by  the  spreading  abroad  the  grains  of  gunpowder,  seeds,  &c.,  and 
by  the  breaking  of  glass  and  other  hard  substances.  These  are  the 
first  kind,  and  take  place  at  every  interruption  in  the  circuit 

The  second  kind  of  lateral  discharge,  specimens  of  which  I  shall 
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now  offer  to  your  notice,  occurs  iu  the  most  perfect  conducting 
circuit,  unless  the  conductor  be  perfectly  free  ti-om  asperities,  sharp 
angles,  &C  1  shall  endeavour  to  illustrate  this  kind  of  lateral  dis- 
charge by  a  few  decisive  experiments. 

A  thick  copper  wire,  bent  at  various  places  into  angles  is  sus- 
pended in  the  room,  and  I  transmit  a  discharge  of  the  battery,  from 
a  high  intensity,  through  this  wire.  The  room  being  darkened,  the 
discharge  takes  places  and  you  will  have  observed  that  at  every 
angle  in  the  wire  a  brush  of  electric  light  sprang  into  the  air. 

1  will  now  make  a  new  circuit  for  the  next  discharge  of  the  bat- 
tery to  traverse.  In  this  circuit  I  place  a  strip  of  sheet  copper 
about  a  foot  long,  in  imitation  of  the  copper  conductors  in  masts. 
On  making  the  discharge,  both  edges  of  the  copper,  from  top  to 
bottom,  throw  out  fringes  of  electric  fluid ;  which  is  a  clear  proof 
that  in  every  discharge  of  lightning  on  to  such  conductors,  an  im- 
mense portion  would  issue  from  their  edges,  from  the  highest  point 
of  the  mast  to  the  step  in  the  hold  of  the  vessel.  Of  the  conse- 
quences of  such  lateral  discharges  in  the  hold  of  a  ship  I  must  leave 
others  to  judge. 

The  third  kind  of  lateral  discharge  takes  place  even  from  the 
best  polished  conductors  under  certain  circumstances,  and  arises 
from  the  polarizing  influence  of  the  electric  fluid  whilst  in  motion. 
I  cannot  illustrate  this  kind  of  lateral  discharge  better  than  by  two 
metallic  rods,  one  of  which  shall  receive  miniature  flashes  of  light- 
ning from  the  prime  conductor,  and  the  other  shall  be  placed  near 
to  the  former.  To  insure  the  best  conducting  channel  for  the  rod 
which  receives  the  fluid  from  the  prime  conductor,  I  connect  it  by 
copper  wire  with  the  rubber  of  the  machine,  and  also  with  the  gas 
pipes  which  lead  to  the  gas-works.  The  other  brass  rod  is  in  con- 
nection with  the  table,  but  which  has  not  the  opportunity  of  carry- 
ing away  the  fluid  as  the  other  rod  possesses. 
The  arrangement  is  represented  by  the  ac- 
companying figure,  in  which  the  vertical  rod 
receives  the  sparks  from  the  prime  conductor, 
and  simultaneous  lateral  sparks  are  seen  be- 
tween the  vertical  rod  and  the  vicinal  end  of 
the  other.  11^  instead  of  sparks  from  the 
prime  conductor,  I  discharge  a  jar  down  the 
vertical  rod,  the  lateral  discharge  is  seen  as 
before.  If  I  insulate  the  horizontal  rod,  and 
place  another  near  to  its  remote  extremity,  lateral  discharges 
take  place  between  these  two  simultaneously  with  the  other.  These 
effects  are  truly  in  miniature,  but  beautifully  illustrative  of  those 
which  happen  from  the  discharge  of  lightning  on  a  conductor 
situated  near  to  other  conducting  bodies.  But  it  is  not  requisite  to 
watch  a  lightning  conductor  till  it  is  struck  by  the  primitive  dis- 
charge from  a  cloud  to  convince  us  of  the  danger  attending  this 
class  of  lateral  explosions;  since  an  atmospheric  electric  wave, 
produced  either  by  a  distant  flash  of  lightning,  or  by  the  transit  of 
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a  highly  charged  doud,  not  only  satisfies  the  curiosity  on  this  poiDf, 
hut  demonstrates  the  fact  in  the  most  ample  manner.  Many  are 
the  instances  of  this  that  i  have  witnessed  whilst  experimenting 
with  an  elevated  kite. 

For  the  purpose  of  contemplating  lateral  discharges  on  such  oc- 
casions, 1  insert  a  stout  brass  rod  deep  in  the  ground,  and  bend  its 
upper  part  so  as  to  lean  towards  a  reservoir,  which  receives  dense 
sparks,  and  corresponding  lateral  discharges  take  place  between 
that  lightning  rod  and  other  vicinal  conducting  bodies,  as  in  the 
experiment  already  passed  through. 

But  the  most  splendid  series  of  experiments  in  illustration  of 
electric  waves,  and  of  the  lateral  explosion  at  the  same  time,  were 
made  by  Mr.  Weekes,  of  Sandwich,  on  the  i9th  of  May,  1841. 
This  indefatigable  philosopher  has  a  stout  copper  wire  suspended 
between  the  steeples  of  two  churches,  over  a  part  of  the  town  of 
Sandwich,  and  from  this  wire  another  descends  to  his  laboratory, 
and  ready  to  be  attached  to  any  piece  of  apparatus  with  which  he 
is  about  to  make  experiments.  In  compliance  with  the  rules  which 
I  have  shown  you  for  illustrating  this  kind  of  lateral  explosion, 
Mr.  Weekes  arrayed  his  apparatus  in  the  most  suitable  manner  for 
obtaining  brilliant  results :  which  were  most  amply  displayed  on  the 
19th  of  May  last 

A  black  cloud  passed  over  the  town,  and  flashes  of  lightning  were 
seen,  but  no  direct  discharge  ever  touched  tlie  apparatus;  never- 
theless, "  a  mighty  torrent  of  dense  sparks,  so  vivid  as  to  dazzle  the 
eye  of  the  observer,  attended  by  contemporaneous  stunning  reports, 
and  fraught  with  an  unusual  intensity,  rushed  from  the  terminus  to 
the  ball  in  communication  with  the  earth,"  though  separated  to  a 
distance  of  three  and  three  quarter  inches ;  at  the  same  identical 
moment  "  a  furious  current  of  lateral  sparks  takes  place  between 
the  wire  and  leaden  spout  of  the  pump."  Such  is  Mr.  Weekes's 
own  description  of  the  first  part  of  the  electrical  drama. 

"  But  now  comes  to  be  described  the  most  resplendent  feature  of 
the  scene  before  us ;  the  iron  nail,  serving  to  connect  the  pump 
machinery,  suddenly  exhibits  the  appearance  of  a  magnificent  fire- 
work, the  splendour  of  which  is  repeatedly  enhanced  as  trover  of 
electric  fluid  rush  through  the  arrangement,  in  obedience  to  each 
successive  lightning  flash  from  the  storm  cloud,  and  this  sublime 
scene,  with  short  intervals  of  lesser  energy  in  the  electric  current, 
continues  through  the  space  of  one  hotrr  and  sixteen  minutes. 
The  combustion  of  the  iron  nail  forcibly  reminds  me  of  the  appear- 
ance which  that  metal  exhibits  when  burnt  in  oxygen  gas,  or  rather 
when  brought  under  the  influence  of  the  oxy-hydrogen  blow-pipe, 
though  the  phenomenon  was  accompanied  by  a  deep  red  kind  of 
light,  which  does  not  belong  to  either  of  these  comparisons."* 

The  iron  nail  which  deflagrated  so  splendidly  was  absolutely  in 
the  circuit,  and  that  circuit  completely  metallic  down  to  the  bottom 

•  Annals  of  Electricity,  vol.  vi,  p.  450. 
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of  the  pump  pipe  in  the  well  of  water;  the  phenomenon  wa8> 
therefore,  a  lateral  dbcharge  of  the  same  kiud  as  that  exhibited  by 
the  bent  wire  and  strip  of  sheet  copper.  The  other  lateral  dis- 
charges which  Mr.  Weekes  observed  were  of  the  third  kind.  These 
he  took  from  every  part  of  the  wire,  pump,  and  other  parts  of  the  con- 
ducting circuit,  many  of  which  were  productive  of  powerful  shocks.  A 
young  lady,  who  accidentally  stepped  on  the  wire,  received  a  lateral 
discharge  which  sent  her  "  reeling  across  the  laboratory.'' 

Such  facts  as  were  developed  in  this  series  of  experiments,  and 
many  others  on  record,  and  especially  those  of  M.  de  Romas,  made 
with  an  electric  kite  on  the  7th  of  June,  1753,  in  which  immense 
torrents  of  the  electric  fluid  streamed  down  the  string  though  never 
^struck  by  lightning,*  are  not  only  necessary  to  be  borne  in  mind  by 
every  kite  experimenter,  but  should  ever  be  kept  in  view  by  projec- 
tors of  lightning  conductors. 

The  electro-magnetic  action  of  lightning  is  also  an  essential  con- 
sideration, especially  on  board  of  ship ;  and  if  it  were  on  no 
other  account,  this  alone  is  of  sufficient  importance  to  discourage 
the  idea  of  carrying  a  lightning  conductor  tnrough  the  body  of  the 
vessel. 

Marine  lightning  conductors  should  always  be  so  placed  as  to 
carry  the  lightning  over-board,  and  not  so  as  to  entice  it  into  the 
vessel.  Hence  it  is  that  even  the  usual  chain  conductors,  if  got  to 
the  mast  head  in  time,  are  a  greater  protection  to  the  vessel  than 
a  conductor  that  would  lead  the  lightning  into  the  hold. 

When  Franklin  had  discovered  that  taJl  pointed  rods  would  draw 
the  electric  fluid  from  the  air  during  the  transit  of  an  electric  cloud, 
he  contrived  an  ingenious  apparatus  to  give  him  warning  when  such 
clouds  were  passing  over  his  dwelling.  The 
indication  given  by  this  apparatus  was  a  ringing 
of  bells,  upon  the  principles  shown  in  a  former 
lecture. 

The  cut  represents  Franklin's  atmospherical 
electric  bell  apparatus.  The  outside  frame  re- 
presents a  section  of  the  roof  and  walls  of  the 
house,  from  the  top  of  which  rises  a  pointed  rod, 
which  is  insulated  by  passing  through  a  glass 
tube  in  the  roof.  On  the  floor  are  placed  two 
small  bells,  one  of  which  is  supported  by  a  glass 
pillar  and  the  other  by  a  metal  one.  A  wire 
connects  the  lightning  rod  with  the  insulated 
bell,  and  a  small  metallic  ball,  suspended  by  a  silken  thread,  rings 
the  bells  when  the  insulated  rod  and  bell  become  electrized  by  a 
wave  which  a  passing  cloud  produces. 

If  we  place  this  model  at  the  distance  of  a  foot  from  the  prime 
conductor,  and  put  the  machine  into  motion,  you  will  find  that  the 
bells  begin  ringing  by  the  fluid  drawn  from  the  air  by  the  pointed 

*  Annals  of  Electricity,  vol.  v,  p.  63. 
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rod;  which  gives  a  good  idea  of  the  indicatioDs  afforded  by  Frank- 
lin's apparatus  when  an  electric  cloud  passed  over  his  house. 

When  lightning  happens  at  a  great  distance  from  the  observer,  its 
effects  are  seen  in  the  horizon  amongst  the  clouds  and  vapour  that 
are  hovering  in  the  atmo&phere ;  it  is  then  called  skett  lightning, 
and  by  many  persons  considered  to  be  of  a  different  kind  to  that  in 
which  the  electric  fluid  is  absolutely  seen  darting  through  its  zigzag 
path,  and  attended  with  loud  thunder.  This  prevalent  error  may 
easily  be  illustrated  by  a  very  beautiful  experiment  which  1  will  offer 
to  your  notice. 

1  place  on  the  electrical  stool  three  pieces  of  tinfoil  in  the  same 
right  line,  leaving  an  opening  between  the  ends  of  the  middle  strip 
and  those  of  the  other  two.  Over  each  opening  I  place  a  large  de- 
canter about  half  filled  with  water,  to  represent  the  clouds  illuminated 
by  the  discharge  of  lightning.  Having  charged  a  large  jar,  and 
connected  its  outside  with  one  of  the  outer  strips  of  tinfbil,  I  apply 
the  discharging  rod  to  the  other  extreme  strip  and  the  ball  of  the 
jar.  The  discharge  takes  place  through  the  intervals  beneath  thts 
decanters,  and  these  vessels,  with  their  contents,  are  highly  illumi- 
nated. In  this  experiment  I  take  the  precaution  to  screen  the  electric 
fluid  from  the  spectators,  so  that  noUiing  but  its  effects  are  seen  in 
the  decanters  and  water.  This  is  an  experiment  beautifully  illus- 
trative of  sheet  lightning,  which  is  merely  the  effect  of  a  distant 
storm.     ' 

LECTURE  XX. 

In  a  former  lecture,  I  have  stated  that  the  resistance  of  atmospheric 
air  is  much  abated,  when  highly  attenuated,  and  now  1  will  solicit 
your  attention  to  a  few  illustrations  of  that  fact,  and  to  some  inte- 
resting phenomena  which  will  attend  them. 

The  instrument  represented  by 
the  figure  is  called  the  luminous 
conductor,  because  ol  its  beauti- 
fully illuminated  interior  during 
its  electrization.  This  apparatus 
consists  of  a  glass  cylinder,  about 
three  feet  in  length  and  five  or  six 
inches  in  diameter,  terminated  at 
both  extremities  with  hollow  brass 
hemispheres :  a  point  at  one  end 

for  collecting  the  electric  fluid,  and  a  ball  at  the  other  end,  from 
which  sparks  are  taken. 

The  hemispheres  screw  on  to  brass  caps,  which  receive,  and  are 
cemented  air  ti^ht  upon  the  ends  of  the  glass  cylinder.  A  metallic 
point  projects  inside  from  the  centre  of  one  cap,  and  a  ball  projects 
inside  from  the  centre  of  the  other;  so  that  when  the  hemispheres 
are  properly  placed,  as  in  the  figure,  two  points  are  connected  to  one 
of  them,  and  two  balls  to  the  other.     When  the  hemisphere  carrying 
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«udden  coDnection  between  the  ball  on  the  top  and  the  inside  of  the 
the  ball  is  removed  the  cap  beneath  exposes  a  stout  brass  pipe,  tapped 
and  furnished  with  a  valve,  for  the  purpose  of  being  screwed  to  an 
air  pump,  and  the  air  within  the  glass  cylinder  attenuated  to  the 
highest  possible  degree :  which  done,  the  hemisphere  is  repUced, 
•and  the  apparatus,  thus  prepared  for  experiment,  is  laid  on  the  two 
crutches  which  surmount  the  glass  pillars,  as  seen  in  the  figure. 

If  we  now  present  the  point  of  the  luminous  conductor  to  the 
prime  conductor,  it  draws  off  the  fluid  and  conveys  it  to  the  attenu- 
ated air  inside  the  glass;  and  the  air  being  now  a  tolerable  good 
conductor  conveys  it  onward  to  the  remote  brass  cap,  from  the  ball 
of  which  it  may  be  received  in  sparks  or  otherwise  as  decidedly  as 
from  the  prime  conductor  itself.  But  the  beauty  of  experiments 
with  this  apparatus  consists  in  the  variegated  light  which  fills  the 
glass  cylinder,  and  shows  at  first  view,  that  the  electric  fluid  expands 
when  permitted,  and  occupies  every  part  of  the  conducting  medium. 
When  the  remote  extremity  of  the  luminous  conductor  is  connected 
with  the  floor  we  behold  a  steady  purple-tinged  cylinder  of  the 
electric  fluid;  but  if  the  fluid  be  taken  away  in  sparks,  a  momentary 
darkness  succeeds  each,  causing  the  light  within  the  conductor  to 

auiver  in  correspondence  with  the  sparks.  A  similar  agitation  of 
le  light  is  occasioned  by  removing  the  exterior  metal  point,  and 
permitting  sparks  to  pass  between  the  two  conductors.  Experiments 
with  the  luminous  conductor  are  amongst  the  most  interesting  in 
electricity,  especially  when  exhibited  in  a  well  darkened  room,  and 
with  a  powerful  machine  in  action. 

When  the  air  within  a  vessel  is  not  too  much  attenuated,  the 
electric  fluid  is  divided  into  a  cloud  of  quivering  streamlets,  inter- 
secting one  another  in  a  capricious  and  most  astonishing  manner, 
producing  an  ever  varying  fantastic  reticulation,  &c. 

The  beautiful  variegations  exhibited  within  the  luminous  conductor 
are  usually  resorted  to  as  illustrative  of  the  electric  origin  of  the 
aurorii  borealis,  or  northern  lights.  This  natural  phenomenon  does 
certainly,  on  some  occasions,  put  on  precisely  the  same  appearance 
as  that  seen  within  the  luminous  conauctor,  and  its  being  displayed 
in  the  higher  regions  of  the  atmosphere,  where  the  air  is  much  attenu- 
ated, is  strictly  analogous  to  the  conditions  of  the  experiment ;  and 
although  there  are  frequent  displays  of  auroral  phenomena  which 
have  not  yet  been  imitated  by  electrical  experiments,  there  can  be 
little  doubt  of  the  whole  of  them  emanating  from  an  electric  source. 
In  the  space  intervening  the  region  of  the  aurora  boiiealis  and 
that  of  lightning,  is  another  beautiful  electrical  meteor  called  the 
falling  star.  This  phenomenon  we  also  imitate  by  a  beautiful 
electric  experiment.  For  this  purpose  1  employ  a  tall  glass  tube, 
represented  by  No.  1,  in  the  following  figure.  It  is  furnished  with 
balls,  points,  and  a  valve  in  precisely  the  same  manner  as  the  lumin- 
ous conductor,  but  the  air  within  the  glass  tube  is  not  so  highly 
rarified.  I  now  charge  the  battery  to  the  highest  intensity  that  I 
think  it  will  stand ;  and  having  the  lower  brass  cap  of  the  apparatus 
in   good  metallic  connection  with  the  outside  coating,  I  make  a 
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battery,  and  the  discharge  takes  place  through  the  four  feet  of 
attenuated  air,  the  fluid  traversing  it  in  a  compact  mass  highly 
imitative  of  the  meteoric  star.  When  the  room  is  darkened  this  is 
an  exceedingly  beautiful  experiment,  and  gives  an  opportunity  for  the 
eyeyto  follow  ihe  electric  ball  from  the  top  to  the  bottom  of  the  tube. 

Since  attenuated  air  is  a  good  conductor,  it  may  be  employed  as 
a  coating  to  glass,  in  the  place  of  tinfoil. 
This  fact  was  first  shown  by  the  Abbe 
Nollet,  who  charged  a  bottle  without  any 
metallic  lining,  and  on  discharging  it  with 
his  hand  received  a  more  violent  shock  than 
he  had  been  led  to  expect  The  instrument 
now  employed  to  showth  is  fact  is  a  Florence 
flask,  having  its  neck  enclosed  in  a  perforated 
brass  cap,  furnished  with  a  valve,  and  tapped 
for  the  application  of  the  air  pump.  A 
pointed  wire  projects  inwards  from  the  metal 
cap,  and  a  hollow  sperical  ball  terminates 
the  cap  exteriorly.  A  small  portion  of  the 
bulb  of  the  flask  is  covered  with  tinfoil,  but 
none  within.  A  representation  of  this  appa- 
ratus is  seen  as  No.  2,  in  the  cut. 

On  presenting  the  ball  of  the  exhausted  flask  to  the  prime  conductor, 
whilst  holding  the  coated  part  of  the  glass  m  the  hand,  a  beautiful 
purple  brush  of  light  is  seen  to  issue  from  the  metal  point,  and  spread 
itself  over  that  part  of  the  interior  of  the  ^lass  whose  outer  surface  is 
coated  with  metal.  If  the  charge  gets  two  high  for  the  flask  to  re- 
fain,  the  fluid  will  either  flow  over  the  lop,  from  the  edge  of  the  cap 
to  the  metal  coating,  or  it  will  spring  through  the  solid  glass,  which 
it  perforates,  and  thus  renders  the  apparatus  useless.  If  when  the 
charge  is  high  the  hand  be  brought  to  the  ball,  a  shock,  even  more 
violent  than  from  an  ordinary  jar  of  the  same  magnitude,  will  be 
experienced.  A  residuary  charge  however  is  still  left  behind,  w  hich 
requires  many  contacts  to  dismiss  entirely  ;  and  as  each  partial  dis- 
charge is  attended  with  a  display  of  feeble  purple  light,  the  flask 
exhibits  a  series  of  beautiful  flushes  in  a  darkened  room  for  a  long 
time  after  the  6rst  discharge. 

If,  instead  of  the  partially  coated  flask  used  in  the 
last  experiments,  we  were  to  employ  a  glass  receiver, 
on  the  transfer  plate  of  an  air  pump,  as  represented 
in  the  figure,  you  will  see  the  electric  fluid  shooting 
downwards  through  the  attenuated  air  in  a  beautiful 
divergent  brush  of  light,  from  tlie  wire  that  passes 
through  the  cover  to  the  metallic  pump-plate:  and 
in  this  case  the  fluid  is  conveyed  away  without  charg- 
ing the  glass.  But  if  I  touch  the  side  of  the  glass 
with  my  fingers,  they  become  so  many  patches  of 
coating,  and  the  electric  fluid  bends  towards  them  in 
the  most  fanciful  manner,  and  charges  the  opposite 
surface  of  the  glass.     By  changing  the  position  of 
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mj  Gagen  1  cbd  lead  the  electric  fluid  to  any  part  of  the  glass  that 
1  please.  This  is  a  beauliriil  ex- 
periment when  the  room  is  dark- 
ened, and  is  strictlj'  coDformable 
to  the  doctrine  of  the  Leyden  jar,  , 
already  illnstnted.  The  opposite 
figure  will  give  some  idea  of  the 
bending  of  the  fluid  towards  the 
fin  gen.  u 

By  Tsrying  the  density  of  the  | 
air  in  long  glass  tubes,  we  find 
that  its  resiBtance  to  electric  trans- 
mission  increases  with  its  density ; 
and  consequently  becometa  better 
conductor  in  proporlion  to  its  ra- 
rity :  the  probability  therefore  is,  that  vacnons  space  offers  no  re- 
sistance wDatever,  and  thus  becomes  the  best  of  aFl  conductors. 

Since  we  have  shown,  in  a  former  lecture,  that  the  conducting 
metals  constituting  the  coatings  of  a  Leyden  jar,  retain  but  a  smalt 
fraction  of  the  charge,  what  are  their  uses  i*  is  but  a  natural  ques- 
tion. They  are  indispensable  both  in  the  charging  and  dischar^ng 
process.  In  the  former  process,  one  of  the  coatings  receives  the 
fluid  at  a  mere  [mint  only,  but  by  its  conducting  character  it  is 
enabled  to  distribute  every  spark  over  the  glass  surface  which  it 
covers  ;  whilst  the  oppoaile  coating  allows  of  the  departure  of  the 
fluid  from  the  other  surface,  la  the  discharging  process  they  per- 
form the  reverse  functions,  and  allow  ot  a  sudden  discharge  from 
the  electro-positive  to  the  electro-negative  snrfaces.  Independently 
of  these  appendages,  the  charge  could  never  be  equally  distributed, 
nor  could  a  discharge  be  sudden  and  complete. 

The  doctrine  of  electric  almospheres  is  a  subject  of  great  interest, 
and  is  inlerwoveu  with  the  display  of  every  electrical  phenomena. 
It  is  a  subject  which  requires  much  force  of  reasoning  for  its  clear 
and  satisfactory  demonstration,  and  extensive  series  of  experimeuts 
for  its  complete  illustration.  We  must,  however,  on  this  occasion, 
content  ourselves  with  a  brief  illustratioa  of  this  beaatiful  doctrine. 

It  appears  that  Otto  Guericke,  Burgomaster  of  Magdeburg, 
about  the  year  1670,  was  the  first  philosopher  who  noticed  eleclric 
nlmospheres,  and  their  effects  on  bodies  immersed  in  ihem :  but  the 
late  Lord  Stanhope,  about  1778,  seems  to  have  studied  the  doclrine 
to  a  much  greater  extent  It  is  supposed  by  this  nobleman  that  all 
bodies  in  an  electric  condition  electrize  the  air  around  them  to  a 
considerable  extent,  and  ibis  electrized  air  is  the  atmosphere  in 
question.  Stanhope's  two  grand  propositions  in  this  doctrine  are 
as  follows. 

"  If  a  body  hepou'tise,  and  if  it  be  surrounded  by  air,  that  electri- 
fied body  will  deposit  upon  all  the  particles  of  that  air  which  shall 
come  successively  into  contact  with  it  a  proportional  paitof  ils 
tuperabundani  electricity,  by  which  means  toe  air  surrounding  that 
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body  will  become  positively  electrified  :  that  is  to  say,  it  will  form 
around  that  positioe  body  an  electrical  atmosphere  which  will  like- 
wise be  positive. 

"  If  on  the  contrary,  the  body  be  negative,  each  particle  of  air  that 
shall  come  into  contact  with  it  will  deposit  thereon  a  certain  part  of 
its  natural  share  of  electricity,  by  which  means  the  circumambient 
air  will  become  negative :  that  is  to  say,  it  will  form  a  negative 
atmosphere  around  the  body  which  is  negatively  electrified." 

Beccaria,  the  famous  Italian  electrician,  who  perhaps  studied  the 
doctrine  of  electric  atmospheres  with  greater  care  than  any  other  phi- 
losopher, instituted  a  most  beautiful  experiment,  by  means  of  which 
an  electric  atmosphere  is  rendered  perfectly  visible. 
I  will  endeavour  to  repeat  this  grand  doctrinal  ex- 
periment by  means  of  the  apparatus  represented  by 
the  figure.     The  apparatus  consists  of'a  glass  re- 
ceiver with  a  brass  cap  and  an  air-tight  sliding  wire ; 
and  a  transfer  plate  of  an  air  pump.     The  sliding 
wire  is  furnished  with  a  ball   at  each  end ;  and 
another  short  wire  which  rises  from  the  pump  plate 
is  also  surmounted  by  a  brass  bail.    Having  at- 
tenuated the  air  within  the  receiver,  I  remove  it 
from  the  pump,  screw  on  to  the  lower  end  of  the 
pipe  its  wooden  foot,  and  place  the  whole  on  an  in- 
sulating stand.  "  I  now  connect  the  upper  wire  with 
the  prime  conductor  and  uninsulate  the  transfer 
plate  with  its  ascending  stem  and  ball.     The  machine  being  in  good 
order  is  now  to  be  brought  into  play.    No  sparks  are  allow^  to 
play  between  the  two  balls  in  the  receiver,  but  their  polarization  is 
perfect  and  complete:  and  the  accumulated  fluid  on  the  lower  side 
of  the  upper  ball,  is  distinctly  seen  as  a  luminous  electric  atmos- 
phere, covering  about  half  of  the  ball.    This  phenomenon  is  repre- 
sented in  the  figure  by  the  dotted  atmosphere  round  the  lower  naif 
of  the  ball. 

I  will  now  invert  the  order  of  arrangement ;  by  insulating  the 
lower  ball  and  connecting  it  with  the  prime  conductor,  and -the 
upper  ball  of  the  apparatus  I  touch  with  my  finger.  Under  these 
circumstances  the  luminous  atmosphere  appears  on  the  upper  side 
of  the  lower  ball,  and  none  on  the  upper  ball ;  and  by  reversing  the 
arrangements  a  few  times  we  discover  that  the  ball  alone,  which  is 
connected  with  the  prime  conductor,  displays  the  luminous  electric 
atmosphere. 

If  now,  whilst  the  lower  ball  is  in  connection  with  the  prime  con- 
ductor, and  the  machine  in  action,  I  press  down  the  sliding  wire 
gradually,  the  luminous  atmosphere  on  the  lower  ball  expands  up- 
wards, gradually  Ibrms  into  a  round-topped  cone,  and  at  last  dis- 
charges itself  in  a  dense  spark  to  the  upper  ball.'*^ 

*  This  last  variation  of  the  experiment,  I  believe  is  qnite  novel.  I  have 
also  shown  that  the  Imninons  electro-sphere  can  be  prMnced  independently 
of  attenuated  air.    See  Annals  of  Electricity,  vol.  ii,  p.  413. 
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What  a  fund  of  intelligence  is  opened  to  our  view  by  the  display 
of  these  beautiful  phenomena !  An  electric  atmosphere  is  here  ex- 
posed to  our  view,  and  no  longer  rests  in  the  imagination  alone ; 
and  as  this  phenomenon  appears  at  the  positive  ball  alone,  it  is  one 
of  those  principal  snpports  of  the  doctrine  of  a  single  electric  flnid. 
It  proves,  also,  that  the  electric  fluid  is  self  luminous ;  and  the  last 
phenomena  exhibited  by  the  experiment  show  that  polarization  pre- 
cedes discharge. 

We  have  no  experiment,  that  I  am  aware  of,  that  would  favour 
the  theoretical  views  of  Lord  Stanhope  on  this  subject,  unless 
under  circumstances  in  which  the  charge  of  a  body  could  be  thrown 
off  into  the  atmosphere:  or,  according  to  his  second  proposi- 
tion, where  the  electric  flnid  could  enter  the  negative  body.  When 
the  bodies  are  rounded  and  well  polished,  they  neither  receive  nor 
deliver  the  fluid  easily  from,  and  to,  the  atmospheric  air :  and  the 
polarization  of  such  bodies  must  be  very  high  before  a  discharge 
could  be  accomplished  from  one  to  the  other  through  a  thick  plate 
of  dense  air,  and  especially  when  the  vicinal  surfaces  are  but  little 
convex.  Hence  it  is,  that  in  the  electro-polarizations  already  shown 
in  an  early  lecture,  no  discharge  took  place  from  the  positive  dis- 
turbing body  to  the  vicinal  negative  surface  of  the  polarized  body, 
except  in  those  cases  where  pointed  wires  were  employed  and  an 
uniform  current  transmitted. 

The  luminous  electro-sphere  of  Beccaria,  affords  no  idea  of  the 
electric  matter  being  thrown  into  the  surrounding  air ;  but,  on  the 
contrary,  would  lead  to  the  belief  that  the  accumulated  electric  fluid 
repels  the  air  with  its  contained  electric  particles  towards  the  oppo- 
site ball,  and  not  being  able  to  enter  its  smooth  surface  renders  its 
vicinal  side  negative  by  a  secondary  polarization :  the  polarization 
of  the  intermediate  air  being  the  primary.  This  view  is  supported 
by  the  fact  that  when  the  polarized  body  has  points  or  sharp  edges 
at  its  remote  side  from  the  polarizing  body,  that  its  own  electric 
fluid  can  be  driven  out  of  it  by  the  repulsive  action  on  the  opposite 
side:  but  no  fluid  enters  from  the  neighbouring  air  to  make  up  the 
deficiency ;  consequently  we  find  the  body  negative  when  the  dis- 
turbing positive  body  is  withdrawn. 

Beccaria,  the  illustrious  Italian  philosopher  who  discovered  the 
luminous  electrosphere  shown  in  the  last  experiment,  also  devised 
another  experiment,  by  means  of  which  I  shall  be  enabled  to  con- 
vince you  of  the  resistance  which  the  electric  fluid  meets  with  on  its 
approach  to  smooth  convex  or  flat  metallic  surfaces. 

The  apparatus  for  illustrating  this  interesting  fact,  is  that  used  in 
the  last  experiment,  with  the  addition  of  a  Leyden  jar.  The  air  in 
the  receiver  being  attenuated  as  before,  and  the  jar  charged  to  a  low 
degree  of  intensity,  I  discharge  it  through  the  receiver,  and  you  will 
observe  a  narrow  cylinder  of  light  between  the  two  balls,  which 
spreads  over  the  upper  surface  of  the  lower  ball  for  a  perceptible 
time  before  it  disappears.  The  jar  is  next  charged  to  a  little  higher  in- 
tensity than  before,  and  when  discharged,  the  cylinder  of  light  is  of 
greater  dimensions  than  by  the  first  discharge  ;  and  a  much  greater 
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portion  of  the  lower  ball  is  covered  with  tfce  efetfak  K^t  Aan  befere. 

To  enhance  the  beaaty  of  the  experiment,  I  will  next  use  three  of 
the  battery  jara.  When  these  are  chars^ed  pretty 
high,  1  transmit  their  contents  through  the  receiver, 
and  now,  instead  of  a  partial  covering  of  the  lower 
ball,  the  whole  of  the  surface  and  tliat  of  its  stem  of 
support,  are  completely  enveloped  in  a  luminous 
electrical  cloud  of  some  duration,  which  seems  to 
find  more  difficulty  In  entering  the  polished  surface 
of  the  ball,  than  flowing  over  it  through  the  at- 
tenuated circumambient  medium  to  the  asperous 
surface  of  the  pump  plate  which  it  enters,  and  thus 
disappears.  The  apparatus  with  the  enveloping 
cloud  on  the  lower  ball,  is  represented  by  the 
opposite  figure. 

If,  instead  of  a  Leyden  jar,  we  were  to  connect  the  sliding  wire 
with  the  prime  conductor,  the  stream  of  electric  fluid  between  the 
two  balls,  and  the  luminous  cloud  on  the  top  of  the  lower  ball,  might 
be  continued  for  any  length  of  time  we  pleased ;  but  the  light  is 
but  faint,  and  can  only  be  seen  by  close  observers. 

Another  experiment  established  by  Beccaria,  shows 
the  direction  of  the  fluid  through  the  attenuated  air, 
and  forms  a  beautiful  cascade.  On  the  lower  plate 
is  placed  a  hollow  hemisphere  of  glass,  as  represented 
by  the  accompanying  figure,  and  the  ball  is  removed 
from  the  lower  end  of  the  sliding  rod,  which  is  again 
connected  with  the  prime  conductor.  On  bringing 
the  machine  into  action,  a  stream  of  light  flows  from 
the  lower  extremity  of  the  sliding  wire  and  falls  on 
the  top  of  the  hemisphere,  which  it  partially  illumin- 
ates ;  and  in  a  short  time  the  stream  trickles  over  one 
side  of  the  hemisphere  to  the  pump  plate  as  shown  in 
the  figure.  The  direction  of  the  electric  stream  is  deci- 
sively shown  and  well  defined,  which  gives  a  pecular  interest  to  the  phe- 
nomenon. The  cascade,  however,  does  not  continue  constantly  on 
the  same  side  of  the  hemisphere,  but  removes  from  place  to  place, 
which  gives  it  a  more  lively  and  pleasing  appearance. 

In  the  preceding  experiments  the  air  within  the  receiver  was  not 
highly  attenuated,  nor  the  machine  in  full  action ;  but  if  the  attenu- 
ation be  carried  on  till  the  air  pump  ceases  to  act  on  the  remaining 
air,  and  the  machine  be  brought  into  full  play,  a  stream  of  purple 
electric  light  falls  upon  the  surface  of  the  lower  bnil,  which  it  does 
not  enter  but  breaks  upon  it,  and  runs  over  it  and  its  stem  to  the 
pump  plate  in  a  beautiful  cascade. 

The  directum  of  the  electric  discharge  is  demonstrated  by  several 
other  experiments,  one  or  two  of  which  I  will  now  proceed  with.  I 
place  two  sticks  of  sealing-wax  close  together,  laterally,  on  the  table 
of  the  universal  discharger,  so  as  to  form  a  channel  at  the  juncture 
of  their  rounded  edges :  on  this  channel  I  place  a  cork  ball  of  about 
an  inch  in  diameter.     When  the  balls  of  the  sliding  wires  are  re- 
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moved,  I  direct  the  points  towards  tbe  ball,  each  being  about  three 
inches  from  it  and  pointing  towards  its  centre.     One  of  the  sliding 
wires  is  connected  with  the  table,  and  the  other  with  the  prime 
conductor.    On  turning  the  machine  gently  the  ballrolls  along  the 
groove  frmn  the  positive  to  the  negative  wire. 

I  now  remove  the  sealing-wax  and  die  cork  ball,  and  place  on  the 
table  of  the  universal  discharger  a  lighted  candle,  the  flame  of  which 
is  about  the  height  of  the  sliding  wires  when  placed  horizontally. 
The  points  of  these  wires  are  directed  towards  each  other,  having 
the  flame  of  the  caudle  directly  between  them.  The  machine  is  put 
into  motion,  and  the  flame  yields  to  the  positive  aura  and  bends 
towards  the  negative  wire,  now  in  connection  with  the  rubbers  of 
the  machine.  If  the  flame  of  the  candle  be  blown  out,  the  smoke 
from  the  wick  still  bends  in  the  same  direction. 

Both  the  prime  and  the  negative  conductors  being  insulated,  1 
place  the  apparatus  represented  by  the  opposite 
figure  in  connection  with  them  by  means  of 
wires,  one  to  each  of  the  insulated  horizontal 
wires.  Each  of  these  wires  carries  a  metallic 
hemispherical  cup, in  which  is  placed  a  small 
piece  of  phosphorus,  and  betw^een  is  a  burning 
taper.  I  now  put  the  machine  into  motion, 
and  in  a  short  time  you  will  observe  the  phos- 
phorus in  the  negative  cup  inflame,  but  the  other  piece  does  not. 

These  are  some  of  the  experimental  data  which  have  been  brought 
forward  in  favour  of  the  doctrine  of  one  electric  fluid  only.  There 
are  several  other  phenomena  which  tend  to  give  support  to  that 
doctrine,  but  having  selected  those  which  appear  most  satisfactory, 
it  would  be  needless  to  dwell  longer  on  this  part  qf  our  subject  It 
may  be  necessary,  however,  to  observe  that,  although  an  electric  cur- 
rent proceeded  from  the  point  of  the  positive  wire  when  operating  on 
the  cork  ball,  flame,  smoke,  &c.,  there  can  be  no  doubt  of  the  existence 
of  a  current  of  air  also,  which  added  to  the  mechanical  action. 

When  the  back  part  of  the  hand  is  presented  to  the  point  which 
throws  out  the  aura,  a  gentle  cool  blast  is  experienced ;  and  unin- 
sulated bodies,  although  attracted  by  presenting  them  to  the  side  of 
the  wire,  are  absolutely  driven  away  from  the  point  of  it.  If,  for 
instance,  I  suspend  a  light  pith  ball  by  a  moistened  hempen  thread 
held  between  my  finger  and  thumb,  and  present  it  to  any  part  of 
the  prime  conductor,  or  to  the  side  of  the  pointed  wire  fixed  into  its 
remote  end,  the  ball  is  forcibly  drawn  into  close  contact  with  the 
metal,  where  it  will  remain  as  long  as  the  machine  keeps  in  action ; 
but  if  I  present  the  ball  to  the  projecting  point  of  the  wire  it  is  driven 
ofi^,  and  will  not  come  near  to  it. 

The  pith  ball,  in  this  case,  may  represent  a  particle  of  air,  which 
being  first  attracted  to  the  side  of  the  wire,  would  travel  towards  the 
point,  in  consequence  of  the  electric  force  being  gradually  stronger 
in  that  direction;  but  when  it  arrived  at  the  point  itself,  it  \tould 
be  thrown  off*  by  a  repulsive  force,  and  multitudesof  particles  of  air 
following  its  example,  would  produce  a  current  of  air  from  the  point. 
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It  appears  singular,  at  first  sight,  to  observe  negative  points- 
which  are  receiving  electric  fluid  from  the  air,  repel  the  uninsulated 
ball  as  decidedly  as  those  positive  points  which  throv  the  fluid  oflT; 

but  the  immediate  cause  is  the  SHiue  in  both  cases,  for  it  can  be 

shown  that  a  current  of  air  proceeds  from  the  negative  point  also. 

The  air  contiguous  to  the  side  of  the  wire  is  attracted  more  and 

more  towards  the  negative  point,  where  it  deposits  its  electric  fluid,, 

and  afterwards  driven  off  by  succeeding  portions,  which  in  their 

turns  are  driven  oflf  also ;  hence  a  continual  wind  is  kept  blowing: 

from  the  negative  point.     The        ,^ 

opposite  figure  will  f^ve  some      f'  /^  •-••-- ■-:-"?:^^^^ 

idea  of  the  manner  in  which      V  v(  (1^-  :••••-- ----^^^JS^ 

the  electric  fluid  would  rush  ""-fif^-i:::::-;:'-^^^ 

out  of  a  positive  point  through      V   V;r;*/-:'^v-:;:-'--'  ' 

the  air  to  the  negative  wire. 

If  instead  of  a  metallic  point  we  were  to  employ  water  within  a 

capillary  tube,  tliat  water  would  be  thrown  out 

in  a  divergent  stream  similar  to  the  aura  in  the 

air.     For  this  purpose  we  employ  a  small  metal 

bucket  with  a  capillary  tube  inserted  in  the 

bottom.    When  this  bucket  is  partly  filled  with 

water,  small  drops  occasionally  fall  from  the 

lower  orifice  of  the  tube ;  but  if  it  be  hung  on 

the  prime  conductor,  as  represented  by  the  cut, 

and  the  machine  in  action,  the  water  flows 

copiously  in  a  divergent  stream,  as  represented 

in  the  figure.     When  the  room  is  darkened  the 

divergent  current  is  slightly  luminous. 

In  a  previous  lecture  I  promised  to  bring  forward  some  of  those 

contrivances  which  have  been  invented  for  the  purpose  of  measuring 

the  quantity  of  electric  fluid  constituting  the  charge  of  Leyden  jars. 
Tne  only  instrument  for  this  purpose  that  has  gained  any  cele- 
brity amongst  writers  on  electricity,  is  called  the 

unii  jar :  and  as  we  have  one  of  these  unit  jars  ^ 

belonging  to  the  Institution,  I  will  describe  its 

structure  and  point  out  its  principles  of  action 
with  some  degree  of  minuteness.  It  is  represent- 
ed opposite. 

This  celebrated  instrument  is  formed  of  a  small 
cylindrical  Leyden  jar,  supported  in  an  inverted 
position  on  a  glass  stem,  well  covered  with  lac- 
varnish,  and  fixed  into  a  wooden  foot,  as  seen  in 
the  figure.  The  inner  coating  of  the  jar  is  in  me- 
tallic contact  with  a  brass  ball  and  wire  D,  a  ;  ano* 
ther  ball  above  the  former  is  in  contact  with  the 
outer  coating  of  the  jar,  by  means  of  a  metallic 
frame  and  sliding  wire.  The  brass  ball  a,  and 
wire  B,  are  also  connected  with  the  outer  coating. 
The  arrangement  of  this  apparatus,  is  obviously 
the  same  as  that  of  the  medical  jar,  with  an  at- 
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tadied  Lane's  diachai^r*  ibr  if  (he  wire  a  o  be  eonaected  with  the 
prime  condactor^  and  the  wire  b  with  the  gnMind,  the  charge  will 
proceed  till  the  resistance  between  the  ball  d^  and  that  above  it  is 
overoone ;  whiofa  accomplished,  the  jar  wiH  dischar^  spontaneoosly ; 
and  so  long  as  this  resistance  is  constant,  and  the  outside  surface 
uninsulated,  similar  quantities  of  fluid  will  cause  corresponding  dis- 
charges. Now  as  the  spontaneous  discharges  take  place  between 
the  two  fixed  balls,  the  striking  distance  is  constant,  and  the  dis- 
charge through  that  striking  distance  will  depend  upon  the  intensity, 
end  not  upon  the  qmanHiy  of  fluid  in  the  unit  jar.  For  convenience 
we  will  call  this  requisite  intemity  the  dkckarging  intensity; 
which  would  be  constantly  the  same  if  the  striking  distance  pre- 
sented a  constant  resistance ;  although  the  qmaniHy  of  fluid  re- 
quired for  this  discharging  intensity  might  vary  considerably,  ac- 
cording to  the  facility  afforded  for  displacement  of  the  fluid  from 
its  outer  surface. 

If,  for  instance,  we  have  two  jars,  whose  figure  and  extent  of 
coated  surfaces  were  precisely  the  same,  but  &e  thickness  of  the 
glass  considerably  different,  that  made  of  the  thinner  glass  would 
require  much  more  fluid  than  the  thick  one,  to  arrive  at  any  given 
intensity  of  charge  ;  because  of  the  latter  ofibring  a  greater  resis- 
tance to  ihe  disturbing  force  of  the  accumulated  fluid  within;  and 
if  the  resistance  were  augmented  by  any  means  whatever,  the 
standard  intensity  would  be  arrived  at  by  a  still  iest  mumiity 
of  electric  fluid.  Such  are  the  considerations  to  be  aiienoed  to  in 
explaining  the  operations  of  the  unit  jar. 

When  this  instrument  is  used  with  a  view  of  meaanring  the  quan- 
tity of  electric  fluid  which  charges  another  jar,  in  all  oases  much 
larger  than  itself,  and  which  for  convenience  we  will  call  j,  the  wire 
o  B  is  connected  with  its  inside,  and  the  wire  a  n  wkh  the  prime 
conductor.  When  the  machine  is  put  into  motion,  the  unit  jar 
charges ;  a  portion  of  the  fluid  belonging  to  its  outside  being  driven 
into  the  inner  surface  of  J,  which,  consequently,  to  a  certain  extent 
charges  also  by  polarization.  Now  the  quantity  of  fluid  driven 
into  the  nnit  jar  will  depend  upon  the  quantity  driven  into  the  jar 
J,  and  the  quantity  driven  into  c,  will  depend  on  the  thinness  of  its 
glass ;  therefore,  die  first  unit  of  fluid  for  the  discharging  intensity 
depends  upon  the  substance  of  glass  of  the  jar  J,  and  however  thin 
that  glass  may  be,  the  discharging  intensity  will  require  less  fluid  in 
the  nnit  jar  than  when  its  coating  was  connected  with  the  ground. 

We  now  suppose  that  the  first  discharge  has  taken  place,  and 
that  nearly  an  unit  of  fluid  is  thus  thrown  into  J  (the  whole  could 
not  be  thrown  in  because  of  die  initial  part  of  the  discharge  par- 
tially charging  the  outer  surface  in  common  with  the  inude  of  j). 
The  resistance  of  J  against  the  reception  of  fluid  from  the  outside  of 
the  unit  jar  is  now  increased,  and  tne  discharging  intensity  will  be 
accomplished  by  a  less  quantity  of  fluid  than  at  first :  and  this 
second  discharge  of  the  unit  jar  throws  a  still  iesi  praportien  of  the 
diminished  quantity  into  J  than  in  the  previous  dischai^  And 
rf 
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thus  it  is  that  each  sacceediog  charge  requires  less  and  less  iuid 
for  the  discharging  intensity,  and  a  corresponding  disproportion 
enters  the  jar  j. 

When  the  intensity  of  J  becomes  considerable,  the  unit  jar  will 
be  nearly  choaked  up,  and  incapable  of  receiving  any  but  a  very 
trifling  quantity  of  fluid ;  and  were  the  resistance  of  the  striking 
distance  not  altered  during  this  time,  the  discharges  from  the  ball 
D  to  that  above  it  would  take  place  as  if  no  unit  jar  were  there. 
This  resistance,  however,  is  increased,  which  requires  a  higher  dis- 
charging intensity,  and  consequently  somewhat  more  fluid  than  if  no 
increase  of  resistance  had  taken  place.  But  this  increase  of  resis- 
tance in  the  striking  distance  is  that  which  lessens  the  quantity 
discharged,  which  at  high  intensities  of  the  jar  j  is  very  small  indeed. 
The  electrical  sportsman  is  another  piece  of  apparatus  which 
operates  upon  the  principles  of 
Lane's  discharging  electrometer. 
The  opposite  figure  represents 
this  apparatus,  which  consists  of 
a  Leyden  jar,  a  flock  of  birds, 
and  the  sportsman  with  his  gun. 
From  the  inside  of  the  jar  pro- 
ceeds a  long  bent  brass  wire, 
with  a  small  wooden  stage  near 
its  remote  end.  To  the  extre- 
mity of  the  wire  four  or  five 
threads  are  tied  having  artificial 
birds  at  their  other  ends,  which  rest  on  the  stage.  Another  wire, 
terminated  with  a  small  ball,  also  rises  a  short  height  from  the  inside 
of  the  jar.  The  outside  of  the  jar  is  connected  with  the  table  and 
also  with  the  gun,  at  the  end  of  which  is  a  small  ball,  and  brought 
to  within  striking  distance  of  the  ball  of  the  jar. 

The  inside  of  the  jar  being  connected  with  the  prime  conductor, 
and  the  machine  put  into  motion,  the  charge  proceeds,  and  at  the 
same  time  the  birds  rise  and  fly  from  one  another  by  repulsion, 
until  the  striking  intensity  discharges  the  jar  to  the  muzzle  of  the 
piece,  when  a  flash  is  seen,  and  the  birds  drop  as  if  shot  by  the 
discharge. 

Whilst  on  the  subject  of  electrized  glass,  I  will  ofifer  to  your 
notice  a  few  curious  experiments  on  flat  glass  plates.  I  will  first 
operate  with  the  glass  discs,  and  the  two  metal  discs  before  alluded 
to.  I  place  the  glass  plates  between  the  two  metallic  plates,  and 
charge  the  upper  side  posilively  by  uniting  it  with  the  prime  con- 
ductor whilst  the  lower  surface  is  uninsulated.  This  done  I  re- 
move the  connections  with  the  prime  conductor  and  the  table,  and 
then  discharge  the  glass  plate  by  an  application  of  the  discharging 
rod.  When  the  discharging  rod  has  been  removed  I  take  up  the 
upper  metal  plate  by  its  glass  handle,  and  by  applying  it  to  my 
kuuckle  1  receive  a  feeble  spark.  I  now  replace  tnis  plate  on  the 
glass,  and  with  one  hand  I  touch  the  other  plate :  on  approaching 
the  upper  plate  with  the  other  hand  I  again  experience  a  spark.     I 
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now  lifl  up  the  upper  plate  by  its  glass  handle  and  experience  ano- 
ther spark  on  presenting  the  knuckle,  in  precisely  the  same  man- 
ner as  With  the  electrophorus.  But  what  is  very  remarkable,  the 
power  of  these  sparks  increases  to  a  great  extent,  and  again  di- 
minishes, and  so  on  for  a  long  time  together. 

I  now  enoploy  two  square  glasi  plates,  each  of  which  is  coated  on 
one  side  only ;  I  place  the  naked  surfaces  upon  one  another,  and 
press  them  close  together.  This  done,  one  of  the  coatings  is  con- 
nected with  the  prime  conductor,  and  the  other  with  the  ground : 
put  the  machine  in  action,  a  charge  takes  place,  and  the  two  plates 
are  held  together  by  a  great  force.  Indeed,  it  is  difficult  to  separate 
them  without  fear  of  breaking  one  or  both.  Having  accomplished 
their  separation,  and  applied  their  surfaces  to  the  electroscope,  I 
find  botli  sides  of  one  of  the  glass  plates  positive,  and  both  sides  of 
the  other  negative.  The  two  plates  when  together  had  obviously 
operated  as  one  plate  only.  I  now  again  put  them  together  as  be- 
fore, and  by  applying  the  discharging  rod  to  the  two  coatings  a 
discharge  takes  place,  and  the  plates  easily  separate. 

I  charge  the  two  plates  when  again  in  close  contact,  and  on  trial 
find  they  are  held  fast  together.  I  now  turn  the  negative  side  up- 
wards, and  connect  it  with  the  prime  conductor,  and  a  moment's 
action  of  the  machine  neutralizes  the  electrization  of  the  plates,  and 
they  are  easily  separated  ;  but  if  the  action  of  the  machine  be  con- 
tinued too  long,  the  plate  becomes  electrized  the  reverse  way,  and 
are  held  together  as  before. 

This  is  an  old  experiment,  first  made  known  by  the  father  Jesuits 
at  Pekin  to  the  academy  at  St.  Petersburg,  in  the -year  1755.  It 
was  extensively  investigated  by  Mr.  Symmer  in  this  country,  and 
by  M.  Cigna  and  Father  Beccaria  in  Italy,  who  were  led  to  several 
other  interesting  experiments  in  consequence. 

To  insure  success  it  is  necessary  tnat  the  glass  plates  have  per- 
fectly flat  surfaces,  and  by  being  square  the  corners  of  the  one  can 
be  placed  across  the  sides  of  the  otner,  thus  giving  a  better  oppor- 
tunity of  separating  them  when  charged. 

Mr.  Symmer  made  a  great  number  of  experiments  with  black  and 
while  silk  stockings,  which,  when  one  of  each  colour  was  worn  on 
the  same  leg  for  half  an  hour,  and  both  taken  off  together  without 
separating  them,  showed  but  feeble  signs  of  electric  action ;  but  on 
separating  them  afterwards  they  were  found  to  adhere  together  with 
great  force,  and  a  crackling  noise  was  heard  and  sparks  seen  all 
the  time.  When  quite  separated,  and  one  held  up  in  each  hand, 
the  repulsion  in  each  stocking  was  so  powerful  that  it  stood  out  in 
full  shape  as  if  the  leg  were  in  it.  The  attraction  between  the  two 
stockings  was  powerful,  and  a  spark  was  seen  as  they  rushed  to- 
gether.  When  one  stocking  was  in  the  other,  a  force  of  fifteen 
pounds  was  required  to  separate  them.  The  white  stocking  was 
always  electro-positive. 

The  experiments  with  the  two  glass  plates  lead  to  the  explanation 
of  another  curious  fact  attending  charged  glass  generally.    When  a 
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plate  of  glass,  coated  on  both  sides,  is  charged  to  a  high  intensity,  and 
tlien  brought  over  the  cap  of  an  electroscope,  the  gold  leaves  are  but 
little  affected  whichever  surface  be  turned  towards  the  instrument, 
although  several  sparks  have  been  thrown  on  the  positive  surface, 
each  of  which  if  thrown  on  a  metal  surface  of  the  same  extent 
would  have  affected  the  electroscope  to  a  greater  degree.  The  glass 
is  intensely  charged^  but  its  accumulated  fluid  on  the  positive  side 
presses  imoards  to  a  much  greater  extent  than  outwards,  because  of 
the  negative  surface  ofiering  a  less  resistance  than  the  pressure  on 
the  other  side ;  and  the  forces  are  principally  engaged  in  the  sub- 
stance of  the  glass,  there  being  but  a  small  portion  disengaged  to 
operate  on  external  bodies.  If,  however,  either  of  tbe  coated  surfaces 
be  uninsulated  for  a  moment,  a  portion  of  the  previously  engaged 
force  is  relieved,  and  the  opposite  side  of  the  glass  now  affects  the 
electroscope  much  more  than  before.  This  doctrine  is  beautifuily 
illustrated  by  operating  on  an  insu- 
lated Leyden  jar,  furnished  with  a 
pith-ball  electroscope  on  each  surfieice, 
as  represented  in  the  figure.  When 
the  jar  is  charged,  «ad  removed  from 
the  prime  conductor  for  a  few  mo- 
ment^ both  pairs  of  balls  diverge  a 
little,  but  not  much,  for  reasons  al- 
ready stated.  I  now  touch  the  outer 
coating,  and  its  balls  immediately 
collapse,  being  uninsulated;  but  the  other  pair  of  balls  diverge  to  a 
great  extent,  because  my  finger  has  supplied  a  small  portion  of 
electric  fluid  to  the  outer  surface,  and  relieved  a  corresponding 
quantity  on  the  inner  surface,  which  now  being  disengaged  in  the 
glass,  springs  to  the  balls  which  it  repels. 

I  now  take  away  my  finger  from  the  outer  surface,  and  place  it 
on  the  ball  beloAging  to  the  inner  one.  By  this  means  I  take  away 
the  previously  released  fluid,  and  also  a  little  more ;  and  the  balance 
of  forces  through  the  glass  is  again  broken,  and  the  negative  balls 
diverge  in  quest  of  that  portion  last  taken  away  from  the  inside.  I 
again  cbaAge  the  position  of  my  finger,  and  the  outside  balls  collapse, 
aad  the  inside  pair  diverge  as  at  first;  then  by  a  series  of  contacts 
with  my  finger*  first  with  one  coating  and  then  with  the  other,  I  gnir 
dually  discharfpe  the  jar. 

There  are  several  other  methods  of  discharging  a  jar  gradually 
and  sileotiy,  but  none  more  effectually  than  by  a  pointed  wire.  If, 
for  instance,  the  ball  were  removed  from  the  stem  of  a  jar  it  exposes 
a  sharp  point,  and  on  this  point  being  applied  to  the  prime  conductor 
the  charge  is  accomplished  ia  the  usual  way  :  now  remove  the  jar 
and  place  it  on  tbe  table,  and  its  charge  will  issue  from  the  point  into 
the  air ;  and  in  a  short  time  the  jar  will  become  perfectiy  neutral 
When  this  experiment  is  made  in  a  darkened  room,  a  beautiful  pur- 
ple brush  of  l^ht  is  seen  issuing  from  the  point,  and  by  close  atten- 
tion the  brush  appears  largest  and  brightest  at  firat,  and  gradually 
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grows  nnaller  and  feebler  till  the  discharge  is  complete.  When  both 
sides  of  the  charged  jar  are  insulated,  and  each  furnished  with  a 
pointed  wire,  the  star  will  be  seen  on  the  negative  point  during  the 
whole  time  that  the  brash  appears  on  the  positive  point  These  are 
beaottfnl  theoretical  facts,  though  by  no  means  adapted  for  the  lec- 
ture room. 

When  the  discharge  of  a  jar  is  made  in  the  usual  way  through 
a  metallic  circuit,  the  velocity  of  the  fluid  is  too  great  to  allow  of 
measurement :  or  rather,  perhaps,  there  are  circumstances  in  the  way 
which  frustrate  all  attempts  to  ascertain  its  velocity.  When,  for 
instance,  a  discharge  is  made  on  one  end  of  a  long  metallic  circuit, 
the  entering  fluid  disturbs  all  tliat  belonging  to  the  conducting  wire, 
a  portion  of  which  leaves  the  wire  at  one  end  of  the  circuit  at  the 
time  the  new  fluid  from  the  jar  enters  the  other  end ;  and  this  fact 
is,  perhaps,  the  most  formidable  barrier  against  obtaining  satisfac^ 
tory  experimental  results.  During  lightning,  however,  ihe  electric 
fluid  may  be  traced  by  the  eye  as  it  traverses  the  air  through  long 
striking  distances,  and  obviously  occupies  an  appreciable  period  of 
time. 

I  have  a  beautiful  experiment  to  bring  forward,  which  has  been 
oflen  used  as  aki  illustration  of  the  great  velocity  of  the  electric  fluid 
whilst  traversing  metallic  conductors,  but  for  reasons  already  ex« 
plained  it  is  of  no  value  in  that  capacity. 

I  have  about  fiftv  yards  of  iron  wire  chain  suspended  round  the 
room  by  silken  cords,  and  through  this  chain  I  discharge  the  battery 
of  jars  from  a  high  intensity.  The  chain,  you  will  have  observed, 
was  splendidly  illuminated  throughout  by  brushes  of  scintillating 
fire,  which  sprang  simultaneously  from  every  link  in  the  circuit. 
The  results  of  experiments  of  this  kind  are  interesting,  if  it  were  on 
no  other  account  than  by  their  showing  that  a  quantity  of  the  electric 
fluid  is  thrown  into  the  air  from  every  sharp  point  in  the  circuit. 
The  scintillating  of  the  iron,  however,  adds  much  to  the  brilliancy  of 
the  display. 
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(SeUctions  continued  from  page  233). 

Mr.  Nasmvth  brought  forward  several  specimens  to  illustrate  the 
remarks  which  he  intended  to  make  in  further  illustration  of  his 
remarks  on  Friday.  From  late  accidents,  anrising  from  breaking 
axles,  the  public  were  alive  to  the  subject,  and  it  was  desirable  that 
the  question  should  be  examined.  In  locomotive  engines  the  axle 
was  the  chief  point  of  danger;  and  it  was  therefore  important,  both 
as  a  scientific  and  practical  question,  to  determine  the  nature 
and  habitude  of  iron  when  placed  under  the  circumstances  of  a 
locomotive  axle.  Experiment  was  the  only  way  to  discover  this, 
and  he  would  have  wivied  to  place  iron  under  exactly  simihir  cir^ 
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cumstances ;  but  the  short  time  interveniog  since  Friday  had  reo- 
dared  it  impossible  to  do  so.    One  opinion  on  Friday  was  that  the 
alternate  strains  in  opposite  directions  which  the  axles  were  exposed 
to,  rendered  the  iron  brittle,  from  the  sliding  of  the  particles  over 
each  other.    To  illustrate  this,  Mr.  Nasmyth  took  a  piece  of  iron 
and  bent  it  forward,  it  broke  in  six  bends.     He  had  suggested 
annealing  as  a  remedy  for  this  defect :  in  proof  whereof,  he  took  a 
piece  of  annealed  wire,  which  bore  eighteen  bends,  showing  ao 
improvement  of  three  to  one  in  favour  of  annealing.    He  should 
therefore  advise  railway  companies  to  include  in  their  specification 
that  axles  should  be  annealed  ;  he  did  not  like   oppressing   en- 
gineers with  useless  minutias  in  speci6 cations,  but  this  was  so  useful 
and  so  cheap,  that  he  considered  it  ought  to  be  insisted  on.     To 
exhibit    on   a   larger  scale  the  effect  produced  on    iron  in   our 
workshops,  he  showed  a  specimen  of  iron  as  it  came  from  the 
merchant :  being  nicked  with  a  chisel,  it  broke  in  four  blows  with  a 
sledge,  at  the  temperature  of  sixty  degrees,  with  a  crystalline  fracture ; 
by  raising  the  temperature  forty  degrees  higher,  it  bore  twenty  blows, 
and  broke  with  the  fibrous  or  ligneous  fracture;  so  that  the  quality 
of  iron  was  not  the  only  circumstance  to  be  considered  as  influencing 
the  fracture.     I  noticed  also,  said  Mr.  Nasmyth,  on  Friday,  the 
injurious  effect  of  cold  swaging,  as  causing  a  change  in  the  nature 
and  fracture  of  the  iron ;  and  here  let  us  take  the  practical  workshop 
view  of  the  case,  and  not  run  after  the  ignis  fatuus  of  electricity  or 
galvanism,  but  consider  the  practical  etiects.  Swaging  was  necessary 
in  many  cases,  for  instance,  when  an  axle  had  collars  welded  on, 
these  could  not  be  finished  with  the  hammer,  and  certain  tools  called 
swages  were  used,  from  the  action  of  which  great  condensation  of  the 
iron  took  place,  and  a  beautiful  polish  was  given  to  the  surface,  with 
what  injurious  effect  he  would  show  by  the  next  specimen,  which  had 
been  heated  red  hot,  and  then  swaged  till  cold ;  it  broke  at  one  blow 
without  nicking,  and  the  fracture  was  very  close  and  beautiful,  like 
steel.    This  showed  the  fallacy  of  considering  close  fine  grain  a  good 
test  of  excellence  in  wrought  iron ;  but  moderate  swaging  was  often 
necessary,  and  not  injurious,  unless  where  an  over  regard  to  finish 
carried  it  to  excess.   To  prove  that  annealing  restored  the  toughness 
and  fibrous  texture,  a  portion  of  the  last  bar  was  heated,  and  oold- 
swaged  till  cold  as  before,  then  heated  dull  red,  and  left  to  cool 
gradually ;  it  bore  105  blows  without  breaking,  and  at  last  was 
rather  torn  asunder  than  broken,  as  was  shown  by  the  specimen ; 
this  proved  that  the  fibrous  structure  was  restored  by  annealing, 
and  he  therefore  thought  it  should  be  insisted  on  in  specifications. 
The  effect  of  heating  to  welding-heat  was  very  injurious,  unless  the 
iron  was  subsequently  hammered  to  close  the  texture ;  a  piece  of 
the  same  iron  heated  to  welding,  and  left  to  cool,  broke  without 
nicking,  in  one  blow,  showing  very  large  crystals,  especially  in  the 
centre.     The  effect  of  nicking  was  also  very  singular.   The  strength 
of  iron  was  generally  stated  to  be  equal  to  its  sectional  area ;  but  a 
nick  not  removing  yf^  of  the  area  took  away  -^  of  the  strength. 
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Mr.  Naamyth  broke  apiece  of  nicked,  or  rather  scratched  wire,  to 
illustrate  this  point.  These,  and  similar  things,  did  not  prove  that 
science  and  practice  were  at  issue;  but,  as  Halley  reached  the  great 
accuracy  of  his  prediction  of  the  return  of  his  comet  by  taking  into 
account  the  disturbing  forces  of  Jupiter  and  Saturn,  and  the  other 
planets  amongst  which  the  body  had  to  pass,  so  scientific  men  should 
seek  in  the  workshops  correctional  formulae,  by  learning  there  the 

Eractical  occurrences  which  would  elucidate  their  theories,  and  he 
oped  that  these  specimens  might  be  of  some  use. 
Prof.  Willis  was  aware  that  many  subjects  of  a  purely  physical 
nature  could  only  be  explained  by  practical  research ;  and  one  great 
advantage  of  the  British  Association  was,  that  it  brought  scientific 
and  practical  men  together  for  this  purpose. — Mr.  Fairbaim  was  of 
opinion,  that  the  two  chief  causes  of  breaking  axles  seemed  to  bo 
bending  and  percussion,  changing  the  fibrous  into  the  crystalline 
structure ;  this  last  was  the  effect  of  cold  swaging,  and  he  hoped 
that  his  friend  Mr.  Hodgkinson  would  undertake  a  series  of  experi- 
ments on  this  very  interesting  subject.  By  nicking  a  bar  the  extended 
fibres  were  cut,  which  supported  more  of  the  weight  than  the  com- 
pressed,— Mr.  Worthington  thought  the  additional  friction  in  steps, 
given  by  annealing,  would  counterbalance  the  advantage  gained  in 
strength,  as  case  hardening  (the  very  opposite  operation)  was  used 
to  diminish  friction,  by  giving  a  glassy  hardness  to  the  surface,  the 
annealed  axles  would  be  laid  aside  after  a  few  trips,  from  the  friction  : 
he  would  wish,  as  a  security  for  life,  that  tiie  springs  should  be 
made  as  long  as  possible,  to  diminish  the  effect  of  concussion. — A 
member  shewed  specimens  of  pins  which  had  been  broken  in  ma- 
chinery. They  appeared  very  crystalline  in  fracture  ;  the  bar  from 
which  they  had  been  made  was  fibrous  and  tough :  he  showed  also 
specimens  of  tender  axles  broken  on  the  Shefiield  and  Rotherham 
railway.  Tender  axles  are  most  frequentiy  broke  from  the  action  of  the 
brakes  on  the  wheels :  crystals  larger  in  the  centre  of  the  axles  than  at 
the  ends. — ^Mr.  Mallet  was  quite  at  issue  with  the  French  committee 
on  the  very  uncomfortable  Report  which  they  had  made  so  authori- 
tatively ;  he  believed  that  the  alternate  strains,  as  long  as  thej 
were  vnthin  the  limit  of  elasticity,  did  not  injure  the  texture  of  the 
iron.  Wire  might  be  bent  backward  and  forward  to  infinity,  if  we 
kept  within  this  limit.  The  effect  of  nicking  depended  on  a  change 
of  crystalline  structure ;  that  the  effect  of  the  nick  in  determining  frac- 
ture, was  according  to  the  sharpness  of  the  chisel,  and  the  direction ; 
a  nick  sloping,  according  to  the  natural  direction  of  the  fibre,  was  not 
so  efficacious ;  a  molecular  change  was  effected  by  this  cutting  across 
the  fibres :  we,  in  fact  established  a  plane  cleavage  in  the  iron  ;  this 
took  place  in  glass  when  scratched  with  a  diamond,  although  glass, 
from  passing  through  the  intermediate  viscous  state,  did  not 
crystallize  so  definitely  as  iron,  which  crystallizes  per  saltunu 
Iron,  polished  and  placed  in  such  a  situation  as  just  not.  to 
comdCf  if  scratched,  immediately  began  to  corrode;  and  iodide 
of  mercury  presented  a  curious  example  of  entire  disintegration 
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from  a  alight  icrateh.  CryBtalluBatSon  takes  place  ift  tiie  duee- 
ti<m  of  motion ;  in  roUed  iron  the  motion  was  in  the  direcCioii  of  the 
length  of  the  bar  or  plate,  and  percussion,  in  a  direedon  perpendiciilar 
to  that  had  the  effect  of  breaking  up  these  lamin»  or  fibres  of  crjstslsy 
into  their  original  molecnlar  arrangement ;  and  this  eiect  was  pro- 
portionate to  the  temperature  cansedi  and  extent  of  motion  imparted. 
But  he  believed,  to  eflfect  this  molecnlar  alteration  required  more 
violence  than  was  to  be  expected  in  any  ordinary  railway  traTeUing, 
or,  indeed,  any  circumstance  of  machineiy  in  perpetual  work.  Ths 
chief  danger  was  to  be  feared  where  any  cutting  perpendicular  to  the 
direction  of  the  fibre  took  place,  as,  for  instance,  shafts,  vrith  square 
collars,  while  a  little  rounding  out  preserved  them.  That  rotation 
of  iron  induced  magnetism,  he  was  aware,  but  he  did  not  believe 
that  either  rotation  or  vibration  would  afiect  iron  which  was  sound 
when  first  applied.  If  this  theory  were  correct,  the  engineer  should 
discard  wrought  iron  entirely ;  no  engineer  was  sale,  no  suspensian 
bridge  should  be  trusted. — Sir  J.  Robison  considered  that  injuries 
did  arise  from  vibration  and  alternate  bending ;  he  instanced  tongues 
0f  musical  instruments,  and  the  effects  of  bending  pure  tin,  which 
crackled  and  broke  when  very  slightly  bent  in  opposite  directions.^ — 
Mr.  Mallet  believed  those  tongues  to  be  alloyed,  and  he  found  that 
alloys  altered  their  crystalline  nature  firom  mere  lying  by,  as  toufj^ 
brass  became  brittle,  &c.,  which  did  not  happen  in  simple  metals. — 
Mr.  Nasmyth  showed  that  the  effect  of  hammering  bars  was  actually 
to  make  them  hollow ;  every  stroke  had  a  tendency  to  make  the  bv 
an  ellipse,  and  the  intersection  of  all  their  axes  was  apt  to  be  a  hole, 
from  the  sliding  of  the  laminee  over  each  other. 

Mr.  Fairbaim  read  his  Report  *'  On  Experiments  oo  the  Trans* 
verse  Strength  of  hot  and  cold  blast  Iron." — The  bars,  as  described 
in  the  former  Reports,  were  supported  by  standards,  4  feet  6  inches 
apart,  and  were  loaded  with  d^rent  weights ;  they  were  occasion- 
iJly  carefully  examined,  and  showed  a  very  slight  progressive  de- 
flection. He  had  no  doubt  that  they  woukl  ultimately  break,  but 
the  progress  was  very  slow.  He  read  a  table  showing  the  vreights 
laid  on,  and  the  deflections  of  each  bar. 

Mr.  Hartopp  said,  that  Mr.  Fairbaim's  fonner  experiments  on  hot 
and  cold  blast  iron,  had  created  a  fblse  impression  with  regard  to  the 
strength  of  hot  blast  iron.  Mr.  Fairbaim  had  found  very  little  dif- 
ference between  the  hot  and  ctM  blast ;  but  his  experiments,  made 
with  great  accuracy,  and  in  which  the  weights  w«re  laid  on  with 
great  care,  were  of  little  practical  advantage^  as  these  were  not  Ihe 
circumstances  undar  which  iron  was  tested  in  practice  :  there  per* 
cussion,  violent  and  sudden  unpact,  should  be  expected,  and  here 
lay  the  great  deficiency  of  hot  blast  iron.  Even  in  Mr.  Fairbaim's 
experiments,  Oldberry,  No.  2,  cold  blast,  bore  twice  the  pervusskm 
of  Oldberry  hot  blast ;  and  Milton  hot  blast  was  only  half  the  strengdi 
of  Elsicar  cold  blasl^  made  of  the  same  ore  and  smelted  with  tiie 
same  coal.     Experiments  had  been  made  in  Yorkshire  with  great 
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eare ;  llie  results  being  Low  Moor  cold  blast  bar  iron,  three  inches 
diameter,  broke  with  6  blows,  ditto  Scrap,  8  blows,  ditto  hot  blast, 
1  blow ;  again.  Low  Moor  cold  blast  18  blows,  Bierly  ditto,  18,  hot 
blast  of  as  good  materials,  8  blows ;  again,  Elsicar  cold  blast  21  blows, 
Milton  hot  blast  1^  blow;  therefore,  in  iron  Unr  axles  this  diffe- 
TCoee  of  at  least  -^  of  the  strength  was  very  important.  As  to  scrap 
iron  it  bore  too  l^gh  a  character.  Scrap,  made  on  the  old  plan,  was 
an  charcoal  iron,  but  the  modem  scrap  iron  was  very  inferior,  being 
d2s«  6d*  per  ton  cheaper,  so  that  iron-masters  put  off  as  much  ^ 
this  cheap  material  as  possible.  Hot  blast  iron  was  rejected  now  for 
water  pipes,  &c.,  and  even  for  cannon  balls ;  and,  in  fine,  he  had 
been  told  by  Tery  eminent  marine  eiigine  makers,  that  where  any 
percussion  took  place,  hot  blast  cast  iron  was  only  half  the  strength, 
and  wrought  iron  only  one-sixth  the  strength  dT  cold  blast. — ^Mr. 
Fairbaim  explained,  that  he  had  found  great  difficulty  in  obtaining 
specimens  from  the  different  iron-masters,  who  would  of  course  send, 
when  possible,  the  best  specimens,  but  every  eare  had  been  taken  to 
insure  aocnracy  in  the  experiments. — ^Mr.  Hodgkinson  said,  that 
the  average  strength  of  hot  blast  had  been  y^  weaker  than  the  cold, 
but  the  inferiority  was  chiefly  in  the  softer  irons ;  as  the  hardness 
increased  the  two  kinds  approached  to  equality,  and  in  the  hardest 
irons  the  hot  blast  was  the  best.  He  thought  his  experiments,  made 
without  any  interest  on  either  side,  and  with  the  greatest  care,  were 
more  to  be  depended  on  than  experiments  made  by  those  who  had 
an  interest  in  the  results — Prof.  Vignoles  explained,  that  the  ques- 
tion of  hot  and  cold  blast  had  nothing  to  say  to  the  late  contract  lor 
cannon  balls. 

Mr.  Hodgkinson  then  explained  his  apparatus  for  trying  the 
strength  of  materials.  He  brou^t  his  apparatus  forward  as  1^  had 
made  many  experiments ;  and  he  was  desirous  to  render  them  as 
trustworthy  as  possible,  by  convincing  the  members  that  every  care 
had  been  taken  to  insure  accuracy.  Other  experiments  had  been 
rendered  unworthy  of  reliance  from  injudidons  methods  of  affixing 
the  testing  apparatus — as  those  of  Rennie  and  Capt.  Brown  on  iron ; 
Grixiird's  experiments,  &c.  In  crushing  specimens,  it  was  necessary 
that  both  ends  should  be  well  bedded  and  the  pressure  transmitted 
through  the  axis.  To  this,  other  experimenters  had  not  always 
attended,  and  by  using  the  pressure  of  bores  directly  on  the  sub- 
stance to  be  crushed,  they  introduced  the  different  errors  arising 
from  the  pressure  being  oblique,  transmitted  through  the  side,  or 
being  exerted  on  mere  points,  instead  of  equably  exerting  its  force 
over  the  entire  top  surface:  to  obviate  these. objections,  he  had 
devised  ai^aiatns  by  which  all  these  errors  were  avoided.  Mr. 
Hodgkinson  explaualed  the  crushing  apparatus  by  drawings,  ftc. 
In  experiments  on  tearing  asunder,  he  haid  also  taken  great  care,  by 
means  of  apparatus  whidi  he  exhibited  and  explained,  that  the 
stndn  should  be  through  the  axis,  and  otherwise  free  from  causes  of 
error*    Mr.  Hodgkinson  explained  his  expeiiments  on  torsion,  and 
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illustrated  his  obseivations  throughout  by  many  modeb  and  speci- 
mens  of  the  substances  on  which  the  experiments  had  been  made. 

Prof.  Mosley  asked  whether,  in  the  experiments  on  beams,  care 
had  been  taken  to  obviate  the  effects  of  the  friction  of  the  beams  on 
the  supports,  as  this  would  affect  the  direction  of  pressure,  altering 
it  from  vertical  to  inclined,  and  the  neutral  line  only  passed  through 
the  centre  of  gravity  of  the  beam  when  the  pressure  was  vertical ; 
also  if  care  had  been  taken  in  laying  on  the  weights,  as  a  weight 
suddenly  laid  on  produced  mathematically  twice  the  effect  in  deflec- 
tion. Theoretically,  the  weight  should  be  increased  by  small  addi- 
tions, even  as  the  grains  of  sand. — Mr.  Hodgldnson  said  he  had 
taken  all  precautions  with  regard  to  the  weights ;  they  were  added 
by  small  portions,  and  with  great  care ;  the  beams  rested  on  tolerably 
smooth  cast  iron,  on  which  he  believed  the  friction  would  be  of  little 
importance. 

Mr.  Brockedon  exhibited  specimens  of  his  patent  India  rubber 
stoppers  for  bottles,  explaining  the  late  improvements  in  the  con- 
struction of  the  cores  on  which  the  India  rubber  is  spread.  The 
present  cores,  he  said,  were  made  of  cotton  twisted  into  strands,  &c.» 
by  means  of  a  machine  which  he  explained  by  a  diagram,  the  cylin- 
drical rope  now  consisted  of  several  strands  of  tightly  twisted  cotton, 
lapped  with  flax  thread,  and  laid  together  longitudmally,  loose  fine 
cotton  rovings  being  placed  between  them ;  the  entire  was  then 
lapped  in  a  cylindrical  form  with  a  flax  thread,  attaining  by  this 
method  the  advantages  of  perfect  roundness  and  firmness ;  they  also 
gave  sufficient  hold  to  the  corkscrew,  and  bore  the  heating  process 
weU.  These  stoppers  would  slide  on  glass  when  wet,  but  not  when 
dry  (although  there  was  no  cohesion  in  this  latter  state),  so  that 
the  bottler,  by  slightly  wetting  these  stoppers  with  the  liquor  which 
he  was  bottling,  could  easUy  insert  them ;  and  when  this  slight  film 
of  moisture  was  dried  up,  the  stopper  required  considerable  force  to 
withdraw  it. 

The  President  presented  to  the  section  a  pamphlet,  transmitted 
for  the  acceptance  of  the  British  Association,  from  M.  Lenz,  contain- 
ing two  essays,  one  *'  On  the  Resistance  of  the  Human  Body  to  Gal- 
vanic Currents,"  the  other  "  On  the  Theory  of  Magneto-Electric 
Machines.'' 

Sir  D.  Brewster  made  a  communication  "  On  Crystalline  Reflec- 
tion," which  he  said,  was  a  mere  notice  connected  with  the  undida- 
tory  theory  of  light.  Having  (said  Sir  David),  in  a  conversation 
widi  Professor  Kelland,  had  my  attention  directed  to  Professor 
M'CuUagh's  interesting  memoir  on  the  laws  of  crystalline  reflection 
and  refraction,  I  have  felt  it  necessary  to  make  a  communication  on 
the  subject  to  the  British  Association.  In  consequence  of  the  re- 
sults which  I  laid  before  the  Bristol  Meeting,  Professor  M'Cullagh 
was  led  to  revise  the  views  to  which  he  had  been  led  by  my  earlier 
experiments  in  1819.  I  had  at  that  time  the  advantage  of  commu- 
nicating with  him  personally  and  by  letter  ;  and,  having  preserved 
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copious  abstracts  of  his  paper  on  the  subject,  I  did  not  look  into  the 
memoir  itself  till  yesterday,  when  my  attention  was  drawn  to  the 
following  note : — '*  I  was  at  this  time  in  doubt  whether  that  pheno- 
mena observed  with  oil  of  cassia  could  be  reconciled' to  the^theory  ; 
and  when  the  note  in  page  36  was  written,  I  was  almost  certain  that 
they  could  not.     But  1  haye  since,  I  think,  found  out  the  cause  of 
this  perplexity :  some  of  Sir  David  Brewster's  experiments  were 
made  with  natural  surfaces  of  Iceland  spar ;  others  with  ^surfaces 
artificiaUy  polished.     I  believe  (though  I  have  made  very,  few  cal- 
culations relative  to  the  point),  that  tibe  former  class  of  experiments 
will  be  perfectly  explained  by  the  theory ;  the  latter  I  am  certain 
cannot^  nor  ought  we  to  expect  thai  they  should ;  for  the  process  of 
artificially  pohshing  must  necessarily  occasion  small  irregularities  by 
exposing  httle  elementary  rhombs  with  their  faces  inclined  to  the 
general  surface,  and  the  action  of  these  faces  may  produce  the  un- 
symmetrical  effects  which  Sir  David  Brewster  notices  as  so  extraor- 
dinary.    If  this  does  not  account  for  such  effects,  I  do^notknow  what 
will.**  Had  Prof.  M'Cullagh  communicated  to  me  this  explanation  of 
the  incapacity  of  the  undulatory  theory  to  account  for  the  extraor- 
dinary unsymmetrical  phenomena  which  I  described  to  the  British 
Association,  and  which  exist  to  a  much  greater  extent  than  I  des- 
cribed ;  or  had  it  been  contained  in  the  two  abstracts  of  his  memoir, 
with  which  I  was  familiar,  I  could  at  once  have  removed  the  difficulty 
referred  to  in  the  preceding  note.     The  view  he  has  taken  of  the 
action  of  an  artificially  polished  surfieu^e  of  Iceland  spar,  is  a  mistaken 
one.     The  exposure  of  elementary  rhombs  with  faces  oblique  to  the 
general  surface,  would  show  themselves  in  separate  rays  inclined  to 
the  principal  pencil,  especially  in  solar  light.      It  could  not  for  an 
instant  be  overlooked  by  an  experienced  observer.     Such  &ces  I  can 
produce  at  pleasure,  by  a  slight  chemical  action  upon  the  surface, 
whether  polished  by  crystallization  or  by  art ;  and  it  is  impossible  to 
confound  the  pencil  ^^hich  they  reflect,  with  that  which  is  given  by 
the  general  surface.     It  is  useless,  however,  to  pursue  this  argument 
any  farther,  because  I  have  obtained  exactly  the  same  results  in  us- 
ing natural  faces,  and  in  using  artificial  ones,  and  especially  on  planes 
perpendicular  to  the  axis  of  the  crystal,  where  {  have  found  the  same 
results  with  the  natural  faces  of  the  Chaux  carbonatke  basee  of  Hauy, 
and  with  those  produced  by  artificial  grinding.     In  this  case,  the 
coincidence  is  still  more  remarkable,  as  the  very  friction  of  the  finger 
is  capable  of  developing  on  this  surface  the  faces  of  elementary 
rhombs ;  but  the  reflections  from  these  never  disturb  in  the  slightest 
degree  the  physical  action  of  the  general  surface.     I  have  no  doubt, 
that  Prof.  M'CuUagh  will  concur  in  the  accuracy  of  these  views, 
and,  with  that  candour  which  distinguishes  him,  will  acknowledge, 
as  he  has  almost  done  already  in  the  preceding  note,  that  the  undu- 
latory theory  is,  generally  speaking,  incapable  of  explaining  the  phe- 
nomena of  crysts^ne  reflection.     A  late  writer,  who  seems  to  believe 
in  the  omnipotence  of  the  undulatory  theory,  has  ventured  to  aver, 
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"  that  the  theoiy  of  Fresnel  has  actually  remanded  back  experimrat 
to  read  her  lesson  anew,  and  convicted  her  of  blindness  and  error," 
Although  we  are  not  sensible  (^  having  enjoyed  such  benefits^  or 
suffered  such  reproach,  yet  we  are  convinced  that  even  false  theories 
and  imperfect  generalizations  have  often  sent  back  to  their  studies 
the  most  sagacious  observers.  But  such  benefits  have,  doubtless, 
been  often  mutual ;  and  if  the  interchanges  of  intellectual  aid  had 
not  always  been  equal,  the  more  liberal  contributor  might  have  ac- 
knowledged it  in  a  more  courteous  manner. 

Sir  W.  Hamilton :  I  ventured  to  express  a  wish,  some  years  ago, 
that  Sir  D.  Brewster  would  publish  diose  important  experiments 
which  he  has  made  on  this  subject. — Sir  D.  Brewster :  My  reason 
for  not  publishing  anything  on  the  subject  is,  that  I  have  not  ar- 
rived at  anything  like  an  approximation  to  a  law.  I  have  only  made 
a  mere  collection  of  disintegrated  facts. — ^The  President  hoped  Sir 
D.  Brewster  would  put  the  public  in  possession  of  his  experiments ; 
lor,  whether  the  undulatory  theory  was  capable  of  explaining  them 
or  not,  they  might  enable  mathematicians  to  grapple  with  the  phe- 
nomena*— ^Prof.  M'CuUagh  said,  that  he  had  himself  presented  to 
the  Royal  Society,  some  time  since^  a  paper  on  this  subject,  in 
which  he  had  followed  out  pretty  similar  views  to  those  entertained 
by  Sir  D.  Brewster. 

**  On  a  very  curious  fact  connected  with  Photognqphy,  discovered 
by  M.  Moser,  of  Konigsberg,"  communicated  by  Prof.  Bessel  to 
Sir  D.  Brewster. 

Sir  D.  Brewster  said,  he  was  requested  to  communicate  an  ac- 
count of  some  remarkable  facts  connected  with  the  theory  of  photo- 
graphy. A  new  process  of  producing  photographic  impressions  had 
been  discovered  by  Dr.  Moser,  of  Konigsberg :  and  an  account  of 
the  discovery  had  been  brought  to  this  country  by  Prof.  Bessel, 
who  received  it  from  the  discoverer  himself.  The  subject  was  most 
important,  and  it  would  have  been  a  great  misfortune  if  the  Physical 
Section  had  separated  without  being  made  acquainted  with  it.  The 
£[>llowing  were  the  general  facts  connected  with  it : — A  black  plate 
of  horn,  or  agate,  is  placed  below  a  polished  surface  of  silver,  at  the 
distance  of  one-twentieth  of  an  inch,  and  remains  there  for  ten 
minutes.  The  surface  of  the  silver  receives  an  impression  of  the 
figure,  writing,  or  crest,  which  may  be  cut  upon  the  agate,  or  horn. 
The  figures,  &c.,  do  not  appear  on  the  silver  at  the  expiration  of  the 
ten  minutes,  but  are  rendered  visible  by  exposing  the  silver  plate  to 
vapour,  either  of  amber,  water,  mercury,  or  any  other  fluid.  He 
(Sir  D.  Brewster)  had  heard  Prof.  Bessel  say,  that  the  vapours  of 
different  fluids  were  analogous  to  the  different  coloured  rays  of  the 
spectrum ;  that  the  different  fluids  had  different  effects,  correspond- 
ing to  those  of  the  spectrum ;  and  that  they  could,  in  consequence 
of  such  correspondence,  produce  a  red,  blue,  or  violet  colour.  The 
image  of  the  egmera  obiewra  might  be  projected  on  any  surfiMse, — 
glass,  silver,  or  the  smooth  leather  cover  of  a  book, — ^without  a^y 
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previous  preparation ;  and  the  effects  wonld  be  the  same  as  those 
produced  on  a  silver  plate  covered  with  iodine. 

This  paper  gave  rise  to  an  animated  conversation,  in  the  course 
of  which  M.  Bessel  said  that  he  had  seen  some  of  the  pictures  taken 
by  this  process,  which  were  nearly,  but  not  quite,  as  good  as  those 
obtained  by  Mr.  Talbot's  process. — Sir  D.  Brewster  said,  this  was 
the  germ  of  one  of  the  most  extraordinary  discoveries  of  modern 
days ;  by  it  there  seemed  to  be  some  thermal  effect  which  became 
fixed  in  the  black  substance ;  and  not  only  so,  but  M.  Bessel  in- 
formed him,  that  different  lights  seemed  to  affect  different  vapours 
variously,  so  that  there  seemed  to  be  something  like  a  power  of 
rendering  light  latent ;  a  circumstance  which,  if  it  turned  out  so, 
would  open  very  new  and  curious  conceptions  of  the  physical  nature 
of  light ;  on  the  emission  theory,  it  would  be  easy  to  account  for 
this ;  on  the  undulatory  theory,  he  could  not  conceive  how  it  coidd 
be  possible. — Prof.  M'Cullagh  said,  he  believed  Newton  had  some- 
where thrown  out  a  suggestion,  that  luminous  particles,  as  they 
entered  into  bodies,  might  be  caught  and  retained,  within  certain 
bounds,  by  continual  attractions. — Sir  D.  Brewster  said,  that  the 
experiments  which  he  had  performed  with  nitrous  gas,  seemed  to 
strengthen  some  such  view  as  this,  for  at  certain  temperatures,  we 
had  here  an  instance  of  a  gaseous  body  as  impervious  to  light 
as  a  piece  of  iron. — Sir  J.  Herschel  thought  it  a  pity  to  en- 
cumber this  new  and  extensive  field  of  discovery  now  laid  open 
to  them,  by  any  speculations  connected  with  the  theory  either  of 
undulations  or  emissions.  He  had  found  that  paper  could  be  so 
prepared,  as  that  the  impressions  of  some  colours  might  become 
permanent  upon  it,  while  others  were  not ;  and  thus  it  became  pos- 
sible to  impress  on  it  coloured  figures  by  the  action  of  light.  He 
exhibited  to  the  section  a  piece  of  paper  so  prepared,  which,  at 
present,  had  no  form  of  picture  impressed  on  it,  but  which  was  so 
prepared,  that,  by  holding  it  in  a  strong  light,  a  red  picture  would 
become  developed  upon  it.  He  wished  much  he  could  prevail  on 
Sir  W.  Hamilton  to  explain  to  the  section  a  metaphysical  conception 
which  he  had  disclosed  to  him,  and  which  seemed  to  him,  though 
darkly  he  owned,  to  shadow  forth  a  possible  explanation  of  many 
difficulties. — Sir  W.  Hamilton  said,  that,  appealed  to  by  Sir  J. 
Herschel  in  this  manner,  he  could  not  avoid  placing  before  the  sec- 
tion the  theory  alluded  to,  however  imperfect  and  obsenre.  He  then 
explained  it ;  but  we  regret  our  inability  to  express  it  adequately. 
It  appeared  to  depend  on  the  conception  of  points,  absolutely  fixed 
in  space,  and  endowed  with  certain  properties  and  powers  of  trans- 
mission, according  to  determined  laws. — Prof.  M'CuUagh  had  in- 
dulged in  speculations  allied  to,  and,  as  he  conceived,  involving  this 
very  conception  of  Sir  W.  Hamilton,  and  had  even  followed  out  some 
of  its  consequences,  by  reducing  it  to  a  mathematical  form :  the 
conception  was  of  double  points,  or  poles,  transmitting  powers ;  bat 
he  had  abandoned  it  as  mere  specidation. — Sir  D.  Brewster  thought 
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these  speculations  tended  to  repress  experimental  research,  and  to 
tnrn  men's  minds  from  what  was  solid  to  what  wss  fanciful.     He 
conceived  also  that  indulgence  in  them,  and  mere  abstract  mathema« 
tical  research,  bj  rendering  men  averse  from  the  more  humble  and 
laborious  pursuits  of  experiment,  absolutely  produced  a  distaste  for 
these  subjects ;  and  to  diis  he  attributed  the  fact  that,  while  learned 
societies    frequently    overlooked,   and  even  refused  to  publish  in 
their  transactions  experimental  papers,  the  transcendental  flights 
were  always  sure  to  find  a  welcome  place. — Sir  J.  Herschel  con- 
sidered^ that  there  could  be  no  true  philosophy  without  a  certain 
degree  of  boldness  in  guessing;  and  such  guessing,  or  hypothesis p 
was  always  necessary  in  the  early  stages  of  philosophy,  before  a 
theory  has  became  an  established  certainty ;  and  these  bold  guesses, 
in  their  proper  places,  he  conceived,  should  be  encouraged,  and 
not  repressed.     Sir  W.  Hamilton's  conception,  he  thought,  perfectly 
clear  in  its  metaphysics,  and  should  not  be  thrown  overboard  merely 
because  it  was  metaphysical. — The  President  hoped  that  Sir  W. 
Hamilton  would  develope  and  publish  this  speculation,  in  order  that 
it  may  be  sifled,  scrutinized,  and  rejected  if  merely  ideal,  or  estab- 
lished and  adopted,  if  solidly  founded  in  nature  and  fact. 

Sir  D.  Brewster  next  made  a  communication  "  On  the  Geometric 
Forms,  and  laws  of  Illumination  of  the  Spaces  which  receive  the 
Solar  Rays,  transmitted  through  Quadrangular  Apertures."  He 
said  his  attention  was  called  to  this  subject  by  an  accidental  discus- 
sion on  the  point,  whether  or  not  Aristotle,  in  explaining  the  cir- 
cularity of  images  formed  by  quadrilateral  apertures,  employed  the 
appropriate  idea  when  he  said,  that  those  images  were,  to  a  certain 
extent,  quadrilateral,  but  appeared  circular,  from  the  eye  being 
unable  to  recognize  faint  impressions  of  light.  Prof.  Whewell, 
in  his  **  History  of  the  Philosophy  of  the  Inductive  Sciences,"  had 
distinctly  stated,  that  Aristotle  had  not  used  the  appropriate 
idea,  and  that  the  question  was  entirely  a  geometrical  one,  the 
appropriate  idea  being  the  rectilinear  nature  of  light.  Having 
been  led  accidentally  to  consider  the  subject,  he  (Sir  D.  Brew- 
ster) had  determined  in  a  simple  manner  the  form  of  the  aperture  at 
all  distances,  and  had  been  led  to  take  the  same  view  of  the  subject 
with  Aristotle,  who  seemed  to  have  employed  the  appropriate  idea. 

Mr.  Groodman  *'  On  the  Causes  of  Dissimilarity  in  the  Frictional 
and  Voltaic  Electricities,  with  Remarks  on  the  Decomposition  of 
Water  by  the  former,  and  on  Magnetism." — The  author  argued  in  this 
paper,  that  the  electricity  of  the  common  electric  machine  differs 
from  that  of  the  voltaic  battery,  inasmuch  as  the  fluid  is  in  the  for- 
mer case  in  a  state  of  tension ;  in  the  latter  in  a  state  of  intensity  ; 
or,  as  it  may  be  otherwise  expressed,  the  two  active  forces  (i.e.  die 
antagonist  electricities)  are  in  one  case  separated  from  each  other, 
while,  in  the  other,  they  are  continually  subject  to  each  other's 
contiguous  influence,  attraction,  or  polarization. 

Mr.  Mallet  read  a  paper,  **  On  the  Action  of  Air  and  Water 
on  Iron."     This  the  third  Report  for  which  the  Association  is  in- 
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debted  to  Mr.  Mallett.  The  object  of  former  tabulated  results  was 
to  determine  the  actual  loss  by  corrosion  in  a  given  time,  and  the 
comparative  durabilites  of  rust  of  the  principal  *'  makes"  of  cast  iron 
of  Great  Britain,  and  to  discover  on  what  durability  depended.  The 
tables  of  experiments  now  presented  show,  that  the  rate  of  corrosion 
is  a  decreasing  one  in  most  cases  ;  and  that  the  rapidity  of  the  cor- 
rosion in  cast  iron  is  not  so  much  dependent  upon  Uie  chemical  con- 
stitution of  the  metal  as  upon  its  state  of  crystaUine  arrangement,  and 
the  condition  of  its  constituent  carbon.  The  present  report,  too,  ex- 
tends the  inquiry  to  wrought  iron  and  steel,  of  which  between  thirty 
and  forty  varieties  have  been  submitted  to  experiment.  The  results 
show  that,  the  rate  of  corrosion  of  wrought  iron  is  in  general  much 
more  rapid  than  that  of  cast  iron  or  of  steel.  The  finer  the  wrought 
iron  is,  and  the  more  perfectly  uniform  in  texture,  the  slower  and  the 
more  uniform  is  its  corrosion.  Steel  corrodes  in  general  more  slowly, 
and  much  more  uniformly,  than  wrought  or  cast  iron.  The  results 
of  the  action  of  air  and  water  in  the  several  classes  of  iron  have  been 
examined  and  chemically  determined.  The  substance  spoken  of  as 
plumbago  was  next  described.  It  is  produced  by  the  action  of  air  and 
water  on  cast  steel,  especially  that  in  the  raw  ingot,  in  the  same  way 
as  it  is  in  the  case  of  cast  iron.  A  quantity  of  plumbago,  found  in 
the  wreck  of  the  '*  Royal  George,"  absorbed  oxygen  on  exposure  to 
the  air  with  such  rapidity  that  it  became  nearly  red  hot.  Mr. 
Mallet  next  described  a  method  of  protecting  iron  by  a  modification 
of  the  zinc  process.  It  was  found  impossible  to  cover  the  sur- 
face of  iron  with  zinc,  to  which  it  had  no  affinity.  The  first  process 
was  to  clean  the  surface  of  the  iron,  taking  ofi*  the  coat  of  oxide, 
and  then  immersing  it  in  double  chloride  of  zinc  and  ammonium, 
which  covered  it  with  a  thin  film  of  hydrogen,  by  which  its  affinity 
for  the  zinc  is  much  increased.  The  iron  was  then  covered  with  a 
triple  alloy  of  zinc,  sodium,  and  mercury.  Mr.  Mallet  produced 
several  specimens  of  his  alloy,  one  of  a  bolt  to  be  driven  into  a  ship's 
side,  and  another  a  cannon  shot  covered  with  his  preparation,  and 
exposed  to  the  weather  on  the  roof  of  a  building,  and  which  was 
perfectly  preserved.  Cannon  balls  were  so  much  oxidized  by  ex- 
posure to  atmospheric  influences  that  in  five  or  six  years  they 
become  useless.  The  French  Institute  had  been  engaged  in  experi- 
ments to  protect  these,  and  had  tried  zinc,  but  had  been  compelled 
to  abandon  it.  Mr.  Mallet  also  brought  under  the  notice  of  the 
Section  a  method  of  preventing  the  fouJing  which  takes  on  the  bot- 
toms of  iron  ships,  especially  in  tropical  climates,  by  means  of  which 
invention  he  had  ascertained  that  plants  and  animals  were  prevented 
from  adhering  to  the  ship's  bottom.  According  to  Mr.  Nasmyth's 
theory,  corrosion  on  railways  is  checked  by  the  trains  passing  in  one 
direction,  and  takes  place  when  they  pass  in  both  directions.  Mr, 
Mallet  had  made  some  experiments  in  order  to  determine  this  point, 
which  were  not  yet  complete ;  but  he  was  inclined  to  think  that  the 
difference  between  the  two  cases  were  apparent  and  not  real.     He 
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was  contanuing  his  inyestigatioiiB,  and  hoped  to  report  further  on  a 
future  occasion. 

Dr.  Sehunk  read  a  paper  "  On  Hematoxylin,  the  Colouring 
Principle  of  Logwood,"  by  Prof.  O.  L.  Erdman,  of  Leipsic. — ^The 
Hssmatoxylin  used  by  the  author  in  his  experimenCs  was  prepared 
by  the  process  of  charcoal.  In  a  state  of  purity,  h«ematoxylin  la 
not  red  ;  it  is  in  itself  no  colouring  matter,  being  merely  a  substance 
capable  of  producing  colouring  matters  in  a  manner  similar  to  le- 
canorin,  orcein,  or  phloridzin.  The  colours  which  it  produces  are 
formed  by  the  simultaneous  action  of  bases  (particularly  strong  alka- 
lies), and  of  the  oxygen  of  the  atmosphere.  By  the  action  of  these 
it  undergoes  a  process  of  eremacausis,  which,  after  ibrming  c(4our- 
ing  matters,  ends  in  the  production  of  a  brown  substance  resembling 
mould.  The  colour  of  haematoxylin  varies  from  a  pale  reddish- 
yellow  to  a  pale  honey  colour.  The  crystals  are  transparent,  possess 
A  strong  lustre,  and  may  be  obtained  a  few  lines  in  length.  Their 
form  is  a  rectangular  four-sided  prism,  sometimes  with  a  p3rramidal 
summit.  The  taste  of  haematoxylin  is  similar  to  diat  of  liquorice. 
With  excess  of  ammonia,  it  forms  what  the  author  calls  haematein, 
analogous  to  orcein,  &c. 

"  On  an  Economical  Voltaic  Combination  of  extraordinary  power," 
by  F.  W.  de  Moleyns,  Esq.  The  author  stated  that,  while  the  dis- 
coveries in  electro-magnetism  gave  promise  of  its  ultimate  applica- 
tion as  a  motive  power  far  surpassing  steam,  it  was  matter  of  much 
importance  to  discover  a  mode  of  charging  or  giving  attractive 
power  to  aoft  iron^  at  a  cost  which  should  render  it  as  a  mechanical 
agent  generally  available.  The  voltaic  arrangement  now  produced 
to  the  Section,  the  author  believed  would  be  found  to  possess  in 
a  very  great  degree  those  advantages  so  much  desired  for  the 
proper  developement  of  electro-magnetic  energy.  The  combina- 
tion consisted  of  an  acidulated  solution  of  nitrate  of  ammonia, 
in  contact  with  platina,  solution  of  muriate  of  ammonia,  and  sine ; 
the  nitrate  solution  being  separated  from  the  muriate  by  a  dia- 
phragm of  wood,  biscuit-ware,  or  otlier  porous  substance  not  acted 
upon  by  the  liquids.  The  acidulated  solution  was  thus  prepared : 
six  ounces  of  nitrate  c^  ammonia  are  dissolved  in  two  fluid  ounces 
of  soft  water,  and  this  solution  is  then  combined  with  an  equal 
quantity,  by  measure,  of  the  pure  sulphuric  acid  of  commerce, 
adding  the  acid  gradually,  the  vessel  containing  the  mixture  being 
kept  in  a  fingoriiic  preparation,  so  as  to  prevent  the  heat  evolved 
exceeding  100  degrees.  The  muriate  of  ammonia  is  dissolved  in 
soft  water  to  saturation.  The  zinc  is  not  amalgamated,  and  the 
use  of  cast  zinc  is  to  be  avoided.  The  platina  is  the  thinnest  foil 
that  can  be  procured,  but  the  author  found  that  box-wood  cut  to  the 
thickness  of  veneer,  and  charred  on  each  side  superfieiaU^,  might 
be  substituted,  and  used  with  equal  advantage.  The  author 
stated  that,  with  a  voltaic  combination  consisting  of  hsdf 
a  fluid  ounce  of  the    acidulated  nitrate  solution,  one  ounce  ci  the 
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saturated  solution  of  the  muriate  of  ammonia,  a  strip  of  platina  foil 
three  inches  by  two,  surrounded  by  a  piece  of  sheet  zinc  of  equal 
surface,  he  had  succeeded  in  supporting  a  weight  of  2,000  lb.  with 
an  electro-magnet  of  the  horse-shoe  form,  measuring  sixteen  inches 
from  pole  to  pole,  and  three-fourths  of  an  inch  in  diameter,  aiid  that 
the  attractive  force,  before  contact,  was  in  proportion. 

"  On  a  Peculiar  Condition  of  Iron,"  by  Prof.  Schoenbein." — In 
this  paper  the  learned  author  continued  his  researches  upon  the  dif- 
ferent effects  produced  by  iron  in  its  active  and  passive  states. 
Without  a  detailed  description  of  the  apparatus  employed  in  the 
production  of  the  singular  phenomena  observed  by  the  Professor, 
and  which  our  space  will  not  permit  us  to  give,  it  is  impossible  to 
make  the  phenomena  themselves  intelligible.  They  are  intimately 
connected  with  the  curious  fact,  discovered  by  the  author,  of  the 
property  which  iron  possesses  with  respect  to  oxygen,  i.e.  in  certain 
conditions  to  be  an  oxidable,  in  others  a  non-oxidable  metaJ. 

*'  On  a  new  method  of  Analyzing  Cast  Iron  and  other  Metallic 
Carburets,''  by  Dr.  Ure. — The  method  proposed  by  Dr.  Ure  is  si- 
milar to  that  of  Regnault  and  Dr.  Bromeis,  with  the  exception  that 
he  employs  pure  chlorate  of  potash  in  the  combustion,  instead  of  a 
mixture  of  diat  salt  with  chromate  of  lead,  and  collects  the  resulting 
carbonic  acid  in  a  peculiar  pneumatic  apparatus,  filled  with  diacetate 
of  lead,  instead  of  the  potash  apparatus  of  lead. 

'*  On  the  Composition  and  Characters  of  Caryophylin,"  by  Dr. 
Lyon  Playfair. — ^The  author  pointed  out  the  most  advantageous 
method  for  obtaining  caryophyllin.  He  mentioned  that  only  a  small 
quantity  could  be  derived  from  cloves  by  a  direct  process ;  but  that, 
by  a  protracted  digestion  with  alcohol  and  the  exposure  to  the  air, 
a  considerable  quantity  might  be  procured  from  Caryophyllus  aro- 
maticus,  Dumas  and  Ethling  had  assigned  the  formula  C»  H  i  Os  to 
this  substance.  Dr.  Playfair  stated,  that  although  this  is  the  cor- 
rect expression  of  the  composition  of  melted  caryophyllin,  it  is  not 
so  of  the  substance  in  its  natural  state.  He  found  the  empirical 
formula  of  caryophyllin  dried  for  several  days  at  212^,  to  be  C40  Hss 
O5,  or  the  rational  formula  C40  Ha  O4  X  HO.  A  considerable  heat  is 
reqtdred  to  expel  this  water  in  the  open  air,  but  it  escapes  at  a 
moderate  heat  in  vacuo. 

Sir  J.  Robinson  explained  Mr.  Prosser's  method  of  making 
earthenware  or  porcelain  from  dry  powder  or  clay  compressed. 
The  advantage  was  that  no  twisting  or  alteration  of  shape  (except- 
ing a  little  shrinkage)  took  place  in  the  burning.  From  the  accu- 
racy with  which  articles  formed  by  compression  retained  the  shape 
of  ibe  mould,  they  could  be  fitted  together  very  easily  and  smoothly. 
Sir  J.  Robinson  showed  a  piece  of  tesselated  pavement  made  of 
these  tiles,  which,  although  just  laid  together  without  cement,  was 
perfectly  smooth  on  the  surface.  He  wished  particularly  to  intro- 
duce to  their  notice  a  roofing  tile  of  construction  novel  in  this 
country :  from  the  peculiar  manner  in  which  these  tiles  overstepped 
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each  other,  a  little  Roman  cement  rendered  them  perfectly  water- 
tight ;  and  from  their  not  being  absorbent,  they  were  not  liable  to 
exfoliate,  and  would,  therefore,  be  almost  imperishable.  The  old 
form  of  tile  weighed  about  1051b.  per  square  yard,  while  this  only 
weighed  581b.     They  were  manufactured  at  Stoke-upon-Trent. 

Mr.  J.  S.  Russell  explained  his  '*  Indicator  of  Speed  of  Steam 
Vessels."  This  was  a  simple  application  of  a  well  known  principle ; 
it  was  not  novel,  but  he  had  applied  it  successfully,  aldiough  others 
had  failed.  It  depended  on  the  hydrodynamical  &ct^  that  ibTa  reaer- 
Yoir  be  filled  with  water  to  a  certain  height,  the  water  will  flow  from 
an  orifice  at  the  bottom  with  a  velocity  proportionate  to  the  height ; 
and  conversely,  if  the  reservoir  be  empty  and  this  orifice  tamed  to- 
wards stream,  the  water  will  rise  in  the  reservoir  proportionate  to  the 
velocity.  His  plan  was  to  pass  a  tube  through  the  bow  of  the  ves- 
sel, and  carry  it  along  the  flooring  to  the  centre  of  gravity  of  die 
vessel,  where  it  terminated  in  a  vertical  glass  tube,  exhlbitiBg  the 
weight  of  water  within.  To  this  tube  there  was  attached  a  move- 
able scale,  the  zero  of  which  being  placed  on  a  level  with  the  point  at 
which  the  water  stood  when  the  vessel  was  at  rest,  the  rise  of  the 
water  in  the  tube  when  the  vessel  was  set  in  motion  exhibited  the 
velocity  at  which  the  vessel  was  passing  through  the  water.  He 
had  tested  the  accuracy  of  this  indicator  by  sailinjg  vessels  at  least 
twenly  times  over  a  measured  distance  of  15f  miles,  and  comparing 
his  tube  with  Massey's  log,  the  common  lo^,  calculations  from  the 
number  of  strokes,  &c.,  he  found  it  more  accurate  than  any. 
By  putting  a  stopcock  in  the  pipe  just  under  the  glass  tube,  he  was 
enabled  to  regulate  the  orifice  until  the  greatest  regularity  was  ob- 
tained, and  he  could  now  depend  on  the  indications  within  the 
twentieth  of  a  mile.  From  these  experiments  he  had  constructed  a 
scale,  which  he  exhibited,  and  of  which  the  following  is  an  extract ; 
the  first  column  exhibiting  the  speed  in  miles  per  hour,  and  the 
second  the  height  of  the  water  in  the  tube  above  the  aero  line, 

expressed  in  feet : — 

Miles  per  boor.  Feet  on  tbe  aeale. 

15 7.5625 

13 5.6aoo 

11 4.067 

9 2.722 

7 1.647 

5 0.84 

8 0.8025 

1 0.0886 

'Prof.  Vignoles  read  a  communication  "  On  the  use  of  B^n  and 
Concrete  in  the  construction  of  Breakwaters."  The  use  of  b^ton  had 
greatly  increased  in  France  of  late,  especially  in  marine  works  ;  it 
was  similar  to  concrete,  but  not  exactly  identical  with  it.  B^ton, 
like  concrete,  was  composed  of  lime  mixed  with  broken  st(Mi#s, 
gravel  and  sand ;  but  it  was  supposed  to  require  hydmulic  Ikne, 
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while  concrete  in  this  couatij  was  frequently  made  of  eommon 
when  not  to  be  exposed  to  ^e  action  of  the  sea.  fi^toa  was  fint 
introduced  in  France  by  Bdidor,  mnd  lately  mach  advocated  by 
Vicat;  since  then  it  had  been  much  used,  and  he  considered  that 
attention  was  due  to  the  use  that  had  lately  been  made  of  it  in  the 
Port  of  Algiers  by  M.  Poiteul,  the  engineer  of  that  harbour. 

Mr.  P.  Taylor  had  witnessed  the  coinj^ete  success  of  this  syvtem 
at  Marseilles,  where  a  very  difficult  stnictnie  had  been  aocomplished 
in  this  way  The  original  b^ton  was  a  cement  made  of  lime 
and  ground  brick;  this  made  a  very  good  cement;  cubic  ittasses 
of  thu  concrete,  10  feet  on  the  face,  were  used.  These  cubic  masses 
were  formed  at  Marseilles  on  the  very  brink  of  the  precipice  over 
which  they  were  to  be  rolled  into  ihe  sea.  He  was  now  eon- 
stmoting  four  bridges,  and  he  was  as  confident  in  placing  his 
foundation  on  beton  as  on  stone,  he  had  so  often  witnessed 
tiie  efficacy  of  the  plan — one  point  was  th«t  in  France  they  had 
very  good  hydraulic  lime. — Mr.  Thompson  said,  that  when  good 
hydraulic  hme  was  not  to  be  procured,  he  had  used  the  chalk 
lune  of  the  north  of  Ireland,  which,  though  useless  by  itself,  affotded 
a  good  cement  when  mixed  with  day.  The  lime  was  burned  and 
ground,  the  clay  was  ground  and  well  mixed  wil^  the  lime  ;  this 
was  then  burned  in  a  kiln,  and  the  mortar  was  quite  satis&ctory, 
but  too  expensive  for  conunon  use.^— Mr.  Smith  (of  Deanston)  had 
lately  directed  his  attention  to  the  same  subject.  Concrete  might 
also  be  used  to  make  tiles  for  drying  land  when  day  was  dear  and 
fuel  was  expensive  ;  hollow  tubes  of  concrete  mig^t  be  made  in  the 
drains  by  using  proper  cores,  and  constructing  them  in  leng^  of  S 
or  4  feet,  pouring  the  concrete  round  the  core,  leaving  small  aper- 
tures for  the  admission  of  water.  He  considered  that  they  might  be 
made  on  a  larger  scale,  so  as  to  be  veiy  serviceable  for  sewers. — 
Mr.  Bateman  had  been  compelled  to  resort  to  artificial  lime  for  a 
large  water  work  in  Ireland  ;  he  tried  M.  Vicat's  experimente  ovw 
again,  and  found  that  they  succeeded  perfectly  in  experiment,  and 
even  on  the  large  scale  while  the  pressure  of  water  was  moderate, 
but  when  the  depth  reached  twelve  feet,  he  found  the  lime  was  com- 
pletely washed  away  where  unsupported,  and  even  the  floor  of  the 
culvert  was  at  length  disintegrated  by  the  action  and  pressure  of  the 
water :  from  this  he  concluded  that  Yicat's  experiments  should  not 
be  implidtly  trusted  in  great  pressures  of  water. — 'Sir  M.  I.  Brunei 
explained  the  great  cohesion  of  bricks,  when  interlaid  with  hoop-iron 
or  laths  beaten  into  a  fibrous  state. 

Mr.  L.  Schwabe  explained  his  method  of  spinning  glass,  and 
brought  forward  specimens  of  the  glass  thread,  and  also  of:  the  doih 
woven ;  he  showed  the  spinning  machine  with  which  this  was 
eflfected,  and  also  displayed  many  other  filamentous  substances  ihMn 
whtdi  he  had  succeeded  in  fabricating  cloths,  Assam  silk,  fibresctf 
the  .pinna,  &c. — iSir  J.  Rdbison  mentioned  that  the  strength  of  ^tl^ 
silk  in  proportion  to  its  lightness,  was  snch  that  Mr.  J.  8.  iRussel 


468  Meeting  of  the  Briiiah  Association, 

had  used  it  for  the  towing  line  of  his  small  models,  as  it  could  be 
strained  without  breaking  imtil  the  deflection  was  only  half  an  inch, 
while  brass  wire  of  the  same  length,  &c.,. broke  when  the  deflection 
was  three  inches. 

Mr.  West  then  read  Mr.  Shaw's  paper  "  On  a  New  Steam 
Engine  worked  with  three  kinds  of  pressure,  viz.  action  of  high 
pressure  steam,  the  expansion  of  steam,  and  the  atmospheric  pres- 
sure caused  by  its  condensation."  The  description  was  illustrated 
by  models  and  drawings.  The  lower  part  of  the  piston  fits  the 
cylinder  and  is  steam  tight ;  the  upper  part  or  plunger,  in  the  form 
of  a  hollow  cylinder,  is  longer  than  the  cylinder  and  passes  through 
a  stuffing  box  in  its  cover.  The  piston  rod  rises  through  the  mid- 
dle of  the  plunger,  and  is  connected  with  the  paraUel  motion :  the 
valve  is  a  modification  of  the  single  slide,  the  upper  passage  leading 
to  the  upper  part  of  the  cylinder,  the  middle  to  the  lower  part  of 
the  cylinder,  and  the  lowest  to  the  condenser.  When  the  piston  is 
descending  the  valve  admits  steam  to  the  annular  space  between 
the  plunger  and  cylinder,  when,  the  middle  and  lower  passages  being 
open,  the  direct  pressure  of  the  atmosphere  upon  the  plunger,  the 
high  pressure  steam  upon  the  annulus,  and  an  additional  pressure 
of  one  atmosphere  upon  the  annulus  from  the  vacuum  beneath,  cottcor 
to  produce  the  down  stroke ;  during  this  the  steam  is  cut  ofi*frQm 
the  cylinder,  and  the  communication  between  the  cylinder  and  con- 
denser is  shut ;  the  steam,  which  before  occupied  the  annulus,  now 
acts  against  the  plunger  for  the  ascending  stroke,  while  the  whole 
force  of  expansion,  &ie  annular  surface  of  the  piston  being  then 
passive. — Mr.  West  then  described  Mr.  Shaw's  hydraulic  engine,  of 
which  a  model  and  drawings  were  also  exhibited.  In  this  engine 
the  want  of  elasticity  in  water,  which  formed  a  great  objection  to  the 
application  of  a  fluid  to  a  piston  is  supplied  by  the  elasticity  ot  air 
in  a  chamber  communicating  with  the  cylinder ;  it  is  well  fitted  for 
situations  where  the  fall  is  great,  but  the  supply  too  small  or  the 
space  too  limited  for  the  use  of  a  water-wheel,  as  in  mines. 

Mr.  Clegg  then  explained  his  dry  Gas-meter.  It  acted  on  the 
principle  of  the  differential  thermometer,  in  which  a  diflerence  of 
temperature  between  two  bulbs  partly  filled  with  alcohol,  was  shown 
by  the  rising  of  the  spirit  in  one  and  depression  in  the  other.  He 
had  taken  advantage  of  this  principle  by  suspending  two  little  glass 
vessels,  partly  filled  with  alcohol  and  connected  by  a  tube,  and  by 
passing  the  gas  over  heaters,  it  warmed  one  of  these  bulbs,  and 
the  spirit  was  driven  into  the  other,  which,  becoming  the  heaviest, 
swung  to  the  bottom  of  the  arc  in  which  the  vessels  vibrate ;  here 
it,  in  its  turn  becoming  warm,  was  emptied  of  its  spirit,  and  thus 
becoming  lightest  was  in  its  turn  displaced ;  the  continuance  of 
these  oscillations  marked  the  flow  of  gas,  and  being  registered  by 
the  usual  train  of  wheel-* work,  the  number  of  vibrations  had  been 
proved,  by  many  careful  experiments  at  all  seasons  of  the  year,  to 
afford  an  accurate  measure  of  the  quantity  of  gas. 
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Experimental  Researches  an  a  pecuUar  Action  of  Iron  upon  Solutions 
of  some  Metallic  Salts,    By  Dr.  C.  F.  Schosnbein. 

{Continued  from  page  413.) 

"  Some  time  ago  I  published  seyeral  papers,  in  which  I  made  known 
some  yery  remarkable  facts  regarding  the  action  of  iron  upon  oxy- 
gen. According  to  the  notions  generally  adopted  by  philosophers 
respecting  the  action  of  metals  performing  the  function  of  the  posi- 
tive electrode  upon  oxygen  set  free  by  yoltaic  action,  iron,  as  one  of 
the  more  readily  oxidable  metals,  chemically  combines  with  that 
element.  In  one  of  the  papers  alluded  to,  I  have  shown  that  these 
notions  with  regard  to  iron,  do  not  hold  good  in  all  cases,  and  that 
this  metal  acquires  under  certain  circumstances,  the  property  of 
pladna  or  gold,  that  is  to  say,  that  whilst  constituting  the  positive 
electrode,  it  is  neither  oxidised  nor  otherwise  chemically  affected  by 
oxyacid  solutions,  which  usually  act  upon  iron  with  more  or  less 
violence.  I  have  further  observed,  that  this  inactivity  of  iron  de- 
pends upon  the  manner  of  closing  the  circuit,  as  well  as  upon  the 
chemical  nature  of  the  electrolytes  contained  in  the  solutions  in 
which  the  polar  wires  of  the  pile  are  immersed.  Solutions  contain- 
ing oxyelectrol3rtes  which  act  chemicaUy  upon  iron,  as,  for  instance, 
sulphuric  or  nitric  acid,  require  the  circuit  to  be  closed  in  a  certain 
manner,  in  order  to  evolve  oxygen  at  the  positive  iron.  Solutions 
containing  oxyelectrolytes  which  do  not  sensibly  act  upon  iron,  as, 
for  instance,  those  of  potash,  soda,  and  a  great  many  oxysalts,  allow 
the  evolution  of  oxygen  at  the  positive  iron  quite  independently  of 
the  manner  of  closing  the  circuit.  In  solutions  containing,  besides 
oxyelectrolytes,  others  of  a  different  nature,  for  instance,  hydracids, 
haloid  salts,  &c.,  no  evolution  of  oxygen  takes  place  in  whatever 
manner  the  circuit  may  be  closed.  From  these  facts,  and  others 
stated  elsewhere,  I  am  inclined  to  infer  that  the  affinity  of  iron  for 
yinn.  of  E lee.  Vol.  IX,  No.  54,  Dec,  1842.  o  g 
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oxygen  is  destroyed  by  a  current  moving  through  the  metal  in  a 
certain  direction,  and  that  the  affinity  lost  in  this  way  by  the  iron  is 
revived  by  an  opposite  current.  To  ascertain  whether  this  view 
holds  good  generally  with  regard  to  iron,  I  have  made  a  series  of 
experiments,  the  results  of  which  are  as  follows.  I  introduce  an 
iron  wire  which  had  previously  been  connected  with  the  positive 
pole  of  a  small  battery,  into  an  aqueous  solution  of  the  common  sul- 
phate of  copper,  by  means  of  which  the  circuit  was  closed.  Accord- 
ing to  my  hypothesis,  no  action  whatever  is  to  take  place  on  the 
part  of  the  iron  upon  the  solution,  under  the  circumstances  here 
stated.  My  expectations  were  fully  realized,  for  after  many  hours'  ac- 
tion of  the  pile,  not  the  smallest  particle  of  copper  was  deposited  on 
the  iron  wire,  its  surface  had  not  undergone  the  least  change,  and 
during  the  whole  time  of  action  oxygen  was  evolved  at  the  iron. 
But  as  soon  as  the  passage  of  the  current  through  this  metal  was 
opposed  only  for  a  moment,  for  instance,  by  taking  out  of  the  copper 
solution  either  the  negative  polar  wire  or  the  positive  one,  there  ap- 
peared on  the  surface  of  the  latter  a  film  of  copper.  The  same 
result  was  obtained  by  joining  momentarily  the  two  polar  wires 
within  the  solution,  or  by  touching  the  iron  wire  with  another  metal 
capable  of  precipitating  copper. 

*'  Now,  by  these  facts  I  think  two  things  are  clearly  shown :  first, 
that  iron  ceases  to  have  any  affinity  for  the  oxygen  both  of  the  ox- 
ide of  copper,  and  of  the  water  decomposed  by  voltaic  action :  and 
secondly,  that  this  state  of  chemical  indifference  lasts  only  so  long  as 
there  is  a  current  passing  from  the  iron  into  the  copper  solution. 
This  influence  of  current  electricity  upon  the  chemical  bearings  of 
iron  is  highly  interesting,  not  only  on  account  of  its  being  contrary 
to  the  electro-chemical  notions  hitherto  entertained  on  the  subject, 
but  also  on  account  of  the  circumstances  under  which  the  oxy- 
gen resulting  from  the  decomposition  of  water  is  presented  to  iron. 
These  circumstances  are,  indeed,  of  such  a  kind  as  highly  to  favour 
the  oxidation  of  the  metal,  for  oxygen  in  a  nascent  state  is  brought 
into  contact  with  iron :  and  there  is  at  the  same  time  a  portion  of 
the  acid  of  the  salt  set  free  by  voltaic  action  at  the  iron  wire,  which 
also  tends  to  occasion  the  oxidation  of  the  latter.     The  same  re- 
marks apply  to  the  fact  already  stated,  that  iron  is  not  acted  upon 
by  nitric  or  any  other  oxyacid,  provided  this  metal  is  placed  under 
the  influence  of  the  pile  in  the  manner  above  mentioned.     Iron, 
however,  may  acquire  the  property  of  being  not  acted  upon  by 
nitric  acid  or  solutions  of  certain  metallic  salts  without  being  subjected 
to  the  influence  of  a  current.     This  remarkable  fact  has  been  ob- 
served by  Sir  John  Herschel,  and  more  recently  by  Mr.  Faraday 
and  myself.     If,  for  instance,  a  common  iron  wire,  having  been 
made  inactive  by  repeated  immersions  in  common  nitric  acid,  is  put 
into  a  solution  of  blue  copper  vitriol,  not  the  least  chemical  action 
takes  place.     It  is  true  tliat  it  happens  sometimes  that  such  a  wire 
precipitates  copper  at  the  moment  of  its  being  plunged   into  the 
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solution,  but  in  such  a  case  the  inactive  state  of  the  metal  had  ceased 
previously  to  immersion.  Now  whether  iron  is  or  is  not  in  its 
peculiar  condition  may  easily  be  ascertained  by  the  appearance  of 
the  surface  of  that  part  of  the  wire  which  had  been  immersed  in 
nitric  acid.  If  the  surface  is  bright,  the  wire  is  inactive ;  if  yellow- 
ish brown,  the  metal  has  assumed  its  common  state,  and  will  conse- 
quently act  upon  the  copper  solution  in  the  usual  manner.  The 
peculiar  condition  of  iron  with  regard  to  the  copper  solution  can  be 
destroyed  in  different  ways.  In  the  first  place  it  may  be  destroyed 
by  maJdng  an  inactive  iron  vibrate.  If  such  a  wire  is  wetted  by  the 
said  solution,  and  afterwards  rather  violently  struck  against  any 
solid  body,  for  instance  against  a  table,  immediately  after  the  shock  a 
film  of  copper  will  make  its  appearance  along  the  whole  wetted  surface 
of  the  wire.  According  to  the  results  of  my  experiments,  published 
in  several  periodical  works,  inactive  iron  is  rendered  active  with 
regard  to  nitric  acid  by  the  same  means.  In  the  second  place  the 
active  state  of  iron  may  be  reproduced  by  touching  the  inactive  metal 
with  a  metal  which  acts  chemically  upon  the  solution  of  the  copper 
salt.  If  an  inactive  wire  is  wetted  by  this  solution,  and  then  touched 
on  any  point  of  the  part  wetted,  with  a  piece  of  common  iron,  zinc, 
cadmium,  tin,  lead,  arsenic,  or  even  copper,  the  precipitation  of 
copper  instantaneously  takes  place  at  the  point  of  the  iron  wire 
where  contact  had  been  effected,  and  this  action  rapidly  extends  itself 
over  the  whole  part  of  the  wire  which  is  covered  with  the  solution. 
It  is  a  matter  of  course  that  the  same  effect  can  be  obtained  by 
touching  the  inactive  iron  wire  within  the  solution  of  the  copper 
salt  with  the  same  metals.  But  the  peculiar  condition  of  iron  may 
be  changed  into  the  common  state  without  immediately  touching 
those  parts  of  the  metal  which  are  surrounded  with  the  copper 
solution.  If,  for  instance,  an  inactive  wire  is  put  into  the  solution, 
80  as  to  allow  part  of  it  to  rise  above  the  level  of  the  fluid,  and  if  a 
wire  of  any  of  the  metals  above  mentioned  is  placed  in  the  same 
solution,  having  likewise  one  of  its  ends  raised  above  the  surface  of 
the  liquid,  copper  will  be  precipitated  as  soon  as  the  free  ends  of 
both  wires  are  made  to  touch  one  another.  This  mode  of  changing 
the  state  of  iron  is  exactly  the  same  as  that  by  which  a  similar  change 
of  condition  of  this  metal  may  be  effected  with  regard  to  nitric  acid. 
Now,  all  these  facts  evidendy  prove  that  the  peculiar  condition  of 
iron,  whatever  the  cause  of  it  may  be,  is  always  destroyed  by  the 
chemical  action  of  metals  brought  into  contact  with  iron  when  in 
the  inactive  state.  There  is  certainly  one  singular  fact,  which  seems 
to  indicate  as  if  contact  independently  of  and  unconnected  with 
chemical  action  could  of  itself  occasion  a  change  of  state  in  iron.  It 
has  been  already  stated,  that  copper  brought  in  some  of  the  ways 
mentioned  into  contact  with  an  inactive  iron  wire,  which  is  immersed 
in  the  copper  solution,  renders  the  latter  metal  active.  Now  copper 
of  coarse  cannot  be  precipitated  from  the  solution  of  blue  vitriol  by 
copper :  the  chemical  action  of  this  metal  upon  the  copper  salt  must, 
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therefore,  be  essentially  different  from  that  which  is  exercised  by 
the  more  readily  oxidable  metallic  bodies  in  question.  First,  I 
thought  there  might,  perhaps,  be  some  free  acid  contained  in  the 
solution,  and  by  this  means  chemical  action  occasioned.  To  ascertain 
the  correctness  of  this  view,  I  added  ammonia  to  the  solution  until 
flakes  of  oxide  of  copper  were  beginning  to  make  their  appearance  ; 
but  the  copper  wire  acted  in  such  a  neutral  solution  in  the  same 
manner  as  it  did  in  the  more  acid  one ;  chemical  action  consequently 
does  not  result  from  the  cause  supposed.  I  think  there  is  only  one 
way  left  to  account  for  the  fact  in  question.  It  is  well  known  that 
copper  put  into  a  solution  of  a  salt  containing  the  deutoxide  of  this 
metal,  unites  by  degrees  with  this  base,  to  form  protoxide  of  copper. 
Although  this  chemical  action  is  extremely  slow  and  weak,  still  it  is 
of  sufficient  power  to  revive  in  the  inactive  iron  its  dormant  affinity 
for  oxygen. 

'*  There  is  no  doubt  that,  one  case  excepted,  in  all  others  hitherto 
mentioned,  in  which  passive  iron  is  rendered  active,  an  electric 
current  is  produced,  passing  from  the  metal  in  which  chemical  action 
originates,  through  the  solution,  into  the  inactive  iron,  and  from 
this  back  again  to  the  first  metal.  It  is  further  obvious,  that  the 
direction  of  the  current  passing  through  the  inactive  iron  is  opposite 
to  that  in  which  the  current  moves  through  an  iron  wire  which 
performs  the  function  of  the  positive  electrode  of  a  pile.  The 
chemical  effects  produced  upon  iron  by  these  different  currents 
being  also  the  reverse  of  one  another,  it  seems  to  me  that  these  facts 
speak  in  favour  of  the  idea  already  suggested,  that  the  chemical 
aifinity  of  iron  for  oxygen  is  destroyed  by  one  kind  of  current,  and 
called  forth  again  by  the  other.  It  is  true,  one  of  the  most  sagacious 
philosophers  of  the  age,  Mr.  Faraday,  has  started  an  idea  which 
seems  to  account  very  satisfactorily  for  the  phenomena  in  question. 
According  to  this  view  the  peculiar  condition  of  iron  depends  either 
upon  a  film  of  oxide  covering  the  metal,  or  upon  a  relation  of  oxygen 
to  iron  equivalent  to  oxidation,  so  that  the  particles  forming  the 
surface  of  the  inactive  iron  have  satisfied  in  one  way  or  other  their 
afiSnity  for  oxygen.  Applying  the  same  hypothesis  to  account  for 
the  bearing  of  iron  in  the  solution  of  blue  vitriol,  which  Mr.  Faraday 
has  made  use  of  for  explaining  the  singular  action  of  iron  upon  nitric 
acid,  we  must  say,  an  inactive  iron  wire  does  not  act  upon  the  solu- 
tion of  the  copper  salt,  because  there  is  no  immediate  contact  between 
the  truly  metallic  particles  of  the  wire  and  the  said  solution,  on 
account  of  the  interposing  film  of  oxide,  or  something  similar  to  it. 
But  if  now  another  metal  be  put  into  the  solution,  which  is  chemi- 
cally acted  upon  by  the  latter,  there  is  a  current  produced,  proceeding 
from  the  active  metal,  and  passing  through  the  solution  into  the 
inactive  iron.  By  this  current  water  is  decomposed,  hydrogen 
evolved  at  the  iron  ;  the  film,  or  what  is  equivalent  to  it,  deprived 
of  its  oxygen ;  and  by  this  means  a  truly  metallic  surface  of  the  iron 
wire  produced.     Though  this  way  of  accounting  for  the  facts  in 
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question  recommends  itself  by  its  beautiful  simplicity,  and  what  is 
still  more  valuable,  by  the  great  advantage  of  bringing  back  an 
apparently  aqomalous  case  to  a  general  law,  still  there  are  weighty 
reasons  stated  by  me  elsewhere,  which  will  hardly  allow  the  adoption 
of  Mr.  Faraday's  sagacious  hypothesis. 

"  After  having  examined  the  action  of  iron  upon  the  common  sul- 
phate of  copper,  I  was  curious  to  see  how  the  same  metal  acts  under 
similar  circumstances  upon  the  solutions  of  the  nitrates  of  mercury. 
Before  entering  into  details  upon  the  subject,  I  must  not  omit  to 
state,  that  I  did  not  observe  any  essential  difference  of  action  between 
the  protonitrate  and  pemitrate  of  mercury.  A  common  iron  wire, 
cleaned  or  not,  when  put  into  a  solution  of  either  of  the  neutral 
nitrates  of  mercury,  does  not  act  in  the  least  upon  the  salt,  that  is  to 
say,  no  mercury  is  precipitated  on  the  iron  ;  but  what  is  still  more 
surprising,  the  iron  wire,  after  having  been  immersed  only  for  a  few 
seconds  in  such  a  solution,  shows  all  the  properties  of  inactive  iron  ; 
it  wDl,  for  instance,  not  be  acted  upon  by  common  nitric  acid,  nor 
by  a  solution  of  blue  vitriol.  Even  when  a  strong  solution  of  the 
mercurial  salt  is  diluted  with  1,000  times  its  volume  of  water,  it 
will  still  render  an  iron  wire  inactive,  though  in  this  case,  as  might 
be  expected,  some  time  is  required  for  obtaining  the  effect.  But  if 
a  common  iron  wire  is  first  immersed  in  water  containing  so  little 
of  nitric  acid  as  scarcely  to  change  the  colour  of  blue  litmus  paper, 
and  afterwards  plunged  into  the  solution  of  mercury,  it  will  precipitate 
the  latter  metal.  It  is,  indeed,  quite  extraordinary  how  far  this 
influence  of  the  acids,  favouring  metallic  precipitation,  extends.  I 
mixed  a  strong  solution  of  neutral  protonitrate  of  mercury  with  1,000 
times  its  volume  of  water,  and  in  the  same  proportion  I  diluted 
common  nitric  acid.  By  putting  the  wire  first  into  the  acidulated 
water,  it  always  acquired  the  property  of  decomposing  the  diluted 
solution  of  mercury  on  being  plunged  into  it.  Common  muriatic 
acid,  even  4,000  times  diluted  with  water,  produced  the  same  effect. 
Though  it  is  a  well  known  fact  that  some  free  acid  contained  in 
metallic  solutions  favours  the  precipitation  of  one  metal  by  another, 
still  I  am  not  aware  that  any  chemist  has  as  yet  stated  any  particulars 
regarding  the  extent  and  cause  of  this  influence.  The  pecidiar 
action  of  acids  mentioned  seems  to  be  intimately  connected  with  the 
subject  of  my  researches  on  the  action  of  iron  upon  nitric  acid,  and 
to  afford  a  case  similar  to  that  presented  by  inactive  iron,  in  its 
bearing  to  strongly  diluted  nitric  acid.  In  one  of  my  published 
papers  on  the  subject,  I  have  stated  tliat  inactive  iron  loses  its  pecu- 
liar condition  by  being  put  into  diluted  nitric  add ;  the  same  thing 
takes  place  in  the  case  before  mentioned.  Common  iron  wire  is  of 
itself  inactive  in  a  solution  of  a  neutral  salt  of  mercury,  but  is  ren- 
dered active  by  being  subjected  to  the  action  of  acidulated  water 
previously  to  its  immersion  in  the  solution.  According  to  Mr. 
Faraday*s  views  the  acid  must  produce  the  effect  spoken  of,  by 
cleaning  the  surface  of  the  wire ;  that  is  to  say,  by  dissolving  some 
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film,  with  which  even  a  common  wire  must  be  supposed  to  be 
covered  ;  but  for  reasons  before  alluded  to,  I  cannot  entertain  the 
opinion  of  this  distinguished  philosopher,  even  in  this  case. 

"  The  view  I  have  taken  of  the  subject  leads  me  to  ascribe  the 
effect  in  question  to  chemical  excitement  in  the  metal  occasioned  by 
the  acidulated  water.     As  iron  having  only  for  a  few  moments  been 
immersed  in  diluted  acid  decomposes  the  neutral  solution  of  mercury, 
it  might  be  supposed  that  this  metal  should  act  in  the  same  manner 
in  a  solution  made  somewhat  acid.     But  I  found  this  not  to  be  the 
case.     A  solution  of  pernitrate  of  mercury  obtained  by  saturating 
nitric  acid,  sp.  gr.  1*35,  with  peroxide  of  mercury,  was  mixed  with 
its  own  volume  of  the  same  acid.     A  common  iron  wire  put  into 
this  acid  solution  had  no  action  upon  it,  and  assumed  its  peculiar 
condition.     I  could  put  even  twenty  volumes  of  nitric  acid  to  it, 
without  producing  any  action.     But  I  must  not  omit  lo  state  the 
singular  fact,  that  there  is  in  this  respect  a  great  difference  between 
a  wire  which  is  cleaned  and  one  which  is  not.     If,  for  instance,  a 
common  iron  wire  has  only  once  passed  through  a  piece  of  linen 
or  cloth,  it  will  be  acted  upon  by  the  acid  solution  containing 
only  one  volume  of   nitric   acid,  whilst  an  uncleaned  one  is   not 
affected  at  all.     This  difference  is  the  more  remarkable,  as  an  un- 
cleaned wire  is  much  more  violently  attacked  by  mere  nitric  acid 
than  a  clean  one.     Another  fact,  still  more  singular,  is,  that  diffe- 
rent parts  of  the  same  piece  of  wire  are  sometimes  differently  acted 
upon  by  the  same  acid  solution  of  mercury,   one  part  being,  for 
instance,  entirely  inactive  whilst  another  contiguous  to  it  proves  to 
be  highly  active.     I  call  this  fact  a  very  singular  one,  because  every 
bit  of  a  whole  roll  of  iron  is  acted  upon  in  common  nitric  acid. 
When  an  iron  wire,  cleaned  or  not,  is  plunged  into  the  solution  of  mer- 
cury containing  from  thirty  to  fifty  times  its  volume  of  nitric  acid,  it 
will  be  affected,  and  continue  to  be  acted  upon  if  left  in  the  solution  ; 
but  when  it  is  again  taken  out  of  the  fluid  and  held  for  hardly  a 
second  in  the  air,  after  its  re-immersion  it  will  prove  entirely  inac- 
tive.    It  is  surprising,  that  almost  the  same  results  are  obtained  at 
very  different  degrees  of  temperature.     I  heated  a  mixture  contain- 
ing twenty  volumes  of  nitric  acid,  and  one  volume  of  the  solution  of 
pernitrate  of  mercury  to  its  boiling  point.     The  end  of  an  iron  wire 
put  into  it  was  certainly  acted  upon,  but  by  withdrawing  it  only  for  a 
few  moments  from  the  solution  it  was  rendered  inactive,  so  that  it 
could  afterwards  be  re-immersed  in  the  nearly  boiling  acid  fluid 
without  being  attacked  by  it.     A  certain  proof  that  the  metal  ac- 
quires,  even  at  this  high  degree  of  temperature,  its  peculiar  in- 
active state  is,  that  when  put  into  a  solution  of  blue  vitriol  or  into 
mere  common  nitric  acid,  it  does  not  in   the  least  act  upon  these 
substances.     In  making  these  experiments  I  frequently  observed 
the  curious  fact,  that  the  iron  wire  immersed  in  the  nearly  boiling 
acid  solution  loses  its  inactive  condition  as  soon  as   it   is  a   little 
raised  so  as  to  expose  to  the  air  a  very  small  part  of  that  portion  of 
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wire  which  has  heen  immersed  in  the  fluid ;  but  though  this  is 
often  the  case,  it  is  not  invariably  so. 

"  The  results  which  1  have  obtained  from  experiments  made  with 
iron  wire  and  an  acid  solution  of  mercury  much  diluted  by  water,  are 
likewise  worthy  of  being  stated.     One  volume  of  a  very  strong  so- 
lution of  neutral  protonitrate  of  mercury,  five  volumes  of  nitric  acid, 
sp.  gr.  1*35,  and  200  volumes  of  water  were  mixed  together.     A 
piece  of  cleaned  iron  wire  put  into  this  solution  did  not  precipitate 
mercury.     By  plunging  such  a  wire  into  water  slightly  acidulated, 
its  power  of  acting  upon  the  salt  of  mercury,  as  above  mentioned, 
is  instantaneously  called  forth.     The  wire  having  once  acquired  this 
power  retains  it ;  provided,  however,  it  be  called  into  play  at  inter- 
vals of  time  not  much  exceeding  a  second  or  so.     But  if  the  wire 
after  having  been  active  in  the  solution  is  taken  out  of  it,  cleaned 
from  the  adhering  mercury,  and  left  exposed  to  the  air  only  for  a 
few  seconds,  it  will  have  lost  its  property  of  precipitating  the  last- 
named  metal,  and  rest  entirely  inactive  in  the  solution,  whatever 
length  of  time  it  may  remain  immersed  in   it.     This  remarkable 
and  sudden  change  of  the  condition   of  iron  is  most  likely  due  to 
some  action  of  the  air  ;  for  if  the  wire,  being  still  in  its  active  state 
with  regard  to  the  solution  of  mercury,  is  put  into  water  or  hydro- 
gen gas,  it  preserves  its  precipitating  power.     I  have  not  yet  put 
iron  into  odier  mediums  than  those  mentioned,  nor  have  I  examined 
whether    moisture    has  anything    to    do  with    the   phenomenon. 
At  any  rate  this  subject  seems  to  me  in  many  respects  sufficiently 
interesting  to   deserve   further  investigation.      Before  passing  to 
another  subject,  I  have   still  to  mention  some  facts  connected  with 
those  just  spoken  of.    An  iron  wire  which  proves  to  be  entirely  inac- 
tive in  the  last  mentioned  solution  of  mercury,  is  not  so  with  regard 
to  a  solution  of  blue  vitriol  or   to  common  nitric  acid  ;  for  a  wire 
which  does  not  throw  down   mercury,  precipitates  copper,  or  is 
violently  acted  upon  by  the  said  acid.     From  chemical  reasons  we 
are  led  to  expect  that  the  very  contrary  should  take  place :   the  affi- 
nity of  copper  for  oxygen  being  much  greater  than  that  of  mercury  ; 
that  is  to  say,  we  should  think  the  mercury  salt  easier  to  be  decom- 
posed by  iron  than  the  copper  salt.     It  seems,  therefore,   as  if  the 
anomalous  fact  does  not  result  from  the  action  of  common  affinity. 
Another  fact  worthy  of  remark  is,  that  iron  acts  quite  differently 
upon  the  neutral  nitrates  of  mercury  dissolved  in  alcohol  or  ether, 
from  what  it  does  upon  the  aqueous  solutions  of  the  same  salts. 
In  the  former  case  iron  always  precipitates  mercury  and  never  turns 
inactive,  whilst,  as  above  stated,  in  the  latter  case  the  contrary  takes 
place.     If  an   iron   wire,  having  been  rendered  inactive   by  im- 
mersion in  an  aqueous  solution  of  the  mercury  salt,  is  put  into 
alcohol  or  ether  containing  the  same  salt,  it  loses  its  peculiar  condi- 
tion and  returns  into  its  active  state. 

"  I  think  it  not  quite  irrelevant  to  the  subject  treated  of  in  this 
paper,  if  I  produce  a  new  case  bearing  evidence  in  favour  of  the 
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theory,  according  to  which  voltaic  electricity  is  due  to  chemical  ac- 
tion. It  is  true  that  the  beautiful  researches  of  Mr.  Faraday,  as 
well  as  those  of  Mr.  de  la  Riye,  have  led  to  results  which  remove 
from  an  unbiassed  mind  even  a  shadow  of  a  doubt  on  the  subject, 
and  which  prove  in  the  most  satisfactory  manner,  that  mere  co^ 
of  heterogeneous  metals  is  not  capable  of  disturbing  their  electrical 
equilibrium.  Still,  as  the  number  of  philosophers  who  maintain 
the  hypothesis  of  Volta  is  as  yet  rather  considerable,  I  think  it  not 
quite  useless  to  increase  the  body  of  evidence  against  it. 

"  If  an  iron  wire  rendered  inactive  by  immersion  in  nitric  acid  is 
associated  with  a  platina  wire,  and  two  of  their  ends  put  into  a  so- 
lution of  blue  vitriol,  not  the  smallest  quantity  of  copper  will  be 
precipitated  on  the  platina  ;  but  if  the  inactive  iron  is  Uirown  into 
chemical  action,  by  being  touched  within  the  solution,  either  with 
a  common  iron  wire,  or  by  any  other  metal  which  chemically  acts 
upon  the  copper  salt,  at  the  very  moment  of  contact  a  film  of  cop- 
per makes  its  appearance  on  the  platina.  Now,  if  according  to  the 
views  of  Volta,  electricity  be  excited  by  the  mere  contact  of  diffe- 
rent metals,  in  the  case  in  question  a  current  should  be  produced, 
and  in  consequence  of  such  a  current  chemical  decomposition  should 
take  place,  that  is  to  say,  copper  should  be  eliminated  at  the  platina. 
But  from  such  not  being  the  case,  it  follows  that  there  is  no  current, 
consequently  no  electricity,  produced  by  the  contact  of  iron  and  pla- 
tina. By  having  recourse  to  the  galvanometer,  the  absence  of  a  current 
under  the  circumstances  mentioned,  is  placed  beyond  doubt.  If  the  in- 
active iron  wire  is  connected  with  one  end  of  the  wire  of  the  galvano- 
meter, the  platina  wire  with  the  other  one,  and  if  the  two  free  ends  of 
the  iron  and  platina  wires  are  plunged  into  a  solution  of  blue  vitriol, 
not  the  least  deflection  of  the  magnetic  needle  takes  place  ;  but  as  soon 
as  the  part  of  the  inactive  iron  wire  immersed  in  the  solutionis  touched 
with  a  metal  capable  of  causing  chemical  action,  the  needle  becomes 
agitated,  and  at  the  same  time  a  deposition  of  copper  takes  place  on 
both  wires.  From  this  fact  it  appears  that  the  oxidation  of  iron  has 
no  sooner  been  occasioned  than  two  effects  of  a  current  are  produced: 
chemical  decomposition  of  an  electrolyte  and  affection  of  the  needle. 
Now,  as  previously  to  oxidation  no  such  effects  are  obtained,  we  are 
fully  entitled  to  draw  the  inference  that  the  phenomenon  of  oxida- 
tion bears  to  that  of  a  current  tlie  relation  of  cause  to  effect,  or  ge- 
nerally speaking,  that  voltaic  electricity  is  due  to  chemical  action, 
and  by  no  means  to  contact. 

"  I  am  quite  confident  that  inactive  iron  can  be  used  in  a  great 
number  of  cases  for  obtaining  results  similar  to  that  just  spoken  of, 
and  that  the  peculiar  state  of  this  metal  offers  to  philosophers  in 
many  other  respects  a  most  valuable  means  for  making  electro- 
chemical researches." 

Professor  Schoenbein's  next  paper  is  entitled  *' On  the  peculiar 
Voltaic  Condition  of  Iron  as  excited  by  Peroxide  of  Lead.** 

The  author  commences  by  stating  **  that  the  most  powerful  vol- 
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taic  association  into  which  iron  can  be  brought  in  order  to  excite  its 
pecnliar  condition,  is  that  with  peroxide  of  lead.     A  common  iron 
wire,  one  of  the  ends  of  which  is  covered  with  this  substance,  proves 
to  be  inactive,  not  only  towards  nitric  acid  of  a  given  strength,  but 
towards  nitric  acid  contaming  any  quantHy  of  water ;  whilst  my 
oxidized  iron  wire,  or  one  associated  with  platinum,  &c.,  is  acted 
upon  by  that  acid,  if  much  diluted,  in  precisely  the  same  manner 
as  unprotected  iron.   But  the  superiority  of  the  association  mentioned 
to  any  other  at  present  known,  is  exhibited  in  a  still  more  striking 
manner  by  putting  the  two  ends  of  an  iron  wire  (one  of  which  is 
covered  with  peroxide  of  lead)  into  an  aqueous  solution  of  common 
sulphate  of  copper.     Under  theke  circumstances  not  the  smallest 
'   particle  of  copper  will  be  precipitated  on  any  part  of  the   wire 
immersed  in  the  solution.     This  peculiar  state  of  the  wire,  how- 
ever, lasts  only  as  long  as  both  ends  of  it  are  in  the  solution  ;  for  no 
sooner  is  the  protected  one  removed  from  the  liquid,  than  the  other 
left  immersed  turns  active,  and  throws  down  copper.     In  this  res- 
pect, therefore,  there  is  a  great  difference  between  the  action  of  the 
wire  in  question  upon  the  solution  of  blue  vitriol,  and  that  of  the  oxi- 
dized one  upon  common  nitric  acid.     This  difference   of  action 
implies  another,  which  is  the  impossibiUty  of  transferring,  within 
the  copper  solution,  the  peculiar  state  from  wire  to  wire,  which  is 
so  easily  accomplished  in  nitric   add.     I  must  not  omit  here  to 
state  the  remarkable  fact,  that  by  mixing  the  solution  of  the  sul- 
phate with  a  comparative  small  quantity  of  common  salt,  the  calling 
forth  of  the  peculiar  state  is  prevented,  not  only  in  the  foregoing 
case,  but  in  all  that  will  be  mentioned  hereafter.     This  fact  is  by 
no  means  an  insulated  one,  and  depends  upon  the  same  cause  as 
that  which  proves  to  the  disengagement  of    oxygen  at  the  iron 
whilst  in  the  capacity  of  the  positive  terminal  of  the  pile,  from  a  so- 
lution of  haloid  salts,  &c.     Presuming  that  by  rendering  iron  inac- 
tive towards  sulphate  of  copper  in  the  way  described,  a  current 
would  be  excited  in  the  same  direction  as  that  produced  by  calling 
forth  the  peculiar  state  of  this  metal  in  nitric  acid,  and  having  had 
recourse  to  the  galvanometer,  I  was  very  much  struck  on  finding 
that  the  needle  was  not  in  the  least  affected,  the  instrument  employed 
in  my  experiments,  though  indicating  rather  feeble  currents,  cer- 
tainly does  not  possess  the  greatest  possible  sensibility.     It  consists 
of  100   convolutions  of  wire.      Should  it  be  discovered,  by  the 
employment  of  more  delicate  galvanometers,  that  no  current  is  called 
into  existence  during  the  process  of  iron  being  rendered  inactive,  it 
would  prove  that  the  inactivity  of  iron  has,  as  to  its  origin,  nothing 
to  do  with  what  we  call  a  current." 

''The  best  way,"  says  Professor  Schoenbein,  "of  associating  iron 
with  peroxide  of  lead,  is  to  make  it  the  positive  electrode  of  a 
couronne  des  tosses,  of  about  a  dozen  pairs  of  copper  and  zinc,  and 
to  put  the  free  end  of  this  wire  into  a  solution  of  the  common  ace- 
tate of  lead  for  about  eight  or  ten  minutes.     By  the  action  of  the  pile 
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the  oxide  is  deposited  on  the  positive  iron  wire.  Many  reasons 
lead  me  to  helieve,  that  iron  associated  with  this  substance,  will  form 
the  most  powerful  voltaic  element  known,  and  I  am  just  about  to 
construct  a  pile  of  such  couples.'* 

\^Remark8. — ^We  think  that  nothing  more  is  wanting  than  the 
above  statements  to  show,  that  the  author  was  perfectly  unable 
to  determine  the  cause  of  the  phenomena  he  had  observed  :  and  that 
he  did  not  know  whether  electric  currents  were  produced  or  not : 
and  we  must  add,  that  nothing  in  science  is  more  certain  than  that 
the  whole  were  of  electric  origin,  nor  nothing  more  easily  discovered 
in  researches  of  this  kind,  than  the  existence  of  electric  currents  in 
the  professor's  experiments. — Edit.] 

In  a  letter  addressed  to  Dr.  Faraday,  Professor  Schoenbein 
states  : — 

*'  From  a  series  of  experiments  lately  made  by  me  with  the  view  of 
ascertaining  the  voltaic  relations  of  some  peroxides,  platina,  and 
inactive  iron  to  one  another,  I  have  obtained  results,  which,  in  my 
opinion,  are  such  as  to  throw  some  additional  light  upon  the  cause 
of  voltaic  electricity,  and  to  modify,  to  a  certain  degree  at  least,  the 
notions  we  have  hitherto  entertained  about  that  interesting  subject. 
The  voltaic  relation  of  peroxide  of  lead  to  iron  engaged  my  attention 
some  time  ago,  and  in  Poggendorff's  *  Annalen,'  I  have  stated  that 
the  peroxide  in  question,  if  voltaically  associated  with  iron,  disappears 
by  degrees  when  plunged  into  nitric  acid  of  any  strength.     Now  as 
we  know  that  no  chemical  action  whatever  takes  place  under  the 
circumstances  mentioned,  iron  being  in  its  peculiar  condition,  and 
having,  in  a  voltaic  point  of  view,  all  the  properties  of  platina,  I 
could  not  but  be  very  much  surprised  at  the  disappearance  of  the 
peroxide  of  lead.     Although  I  was  not  able  to  trace  at  the  time  any 
voltaic  current,  or  to  account  for  any  disturbance  of  the  electric 
equilibrium  of  the  arrangement  alluded  to,  I  nevertheless  suspected 
that  the  solution  of  the  substance  mentioned  was  effected  under 
the  influence  of  current  electricity.     Having  now  at  my  disposal  a 
galvanometer  which  is  provided  with  2,000  coils,   and  made  in 
other  respects  very  delicate,   I  have  taken  up  that  subject  again , 
and  attempted  first  to  ascertain  whether  there  is  any  voltaic  relation 
of  platina  to  inactive  iron.     In  contradiction  to   the   results  ob- 
tained some  time  ago,  I  have  found  by  means  of  my  galvanometer, 
that  iron,  being  in  its  peculiar  condition  and  associated  vrith  platina, 
gives  rise  to  a  sensible  current  if  put  into  nitric  acid,  be  the  latter 
ever  so  strong  or  somewhat  diluted  with  water.     Making  use  of  an 
acid  of  sp.  gr.  1*4,  the  deviation  of  the  needle  (on  putting  the  iron 
and  platina  wires  in  connection  with  the  galvanometer)  amounted  to 
about  90^.     I  must  not  omit  to  state  that  the  current  excited  under 
the  circumstances  mentioned  is  not  a  momentary  but  a  continuous 
one,  and  at  the  same  time  quite  independent  of  any  oxidation  of  the 
iron.     The  direction  of  the  current  in  question  is  such  as  it  would 
be  if  the  latter  metal  was  attacked  by  the  acid,  that  is  to  say,  inactive 


On  the  Voltaic  Relation  of  Peroxide  of  Lead  with  Iron.      479 

iron  is  positiye  to  platina.  Another  fact,  as  curious  and  interesting 
as  that  just  stated  is  the  following  one.  Two  platina  wires  being 
connected  by  one  set  of  their  ends  with  the  galyanometer,  and  by 
the  other  set  with  nitric  acid  or  an  aqueous  solution  of  sulphate  of 
copper,  excite  a  current,  provided  one  of  the  ends  (immersed  in  the 
fluid)  of  one  of  the  platina  wires  be  covered  with  a  film  of  peroxide 
of  lead.  The  current  passes  from  the  platina  through  the  fluid  to 
the  peroxide :  when  the  said  film  is  so  thin  as  to  produce  what  are 
called  '  Nobili's  colours/  it  disappears  within  a  very  few  seconds 
after  having  been  immersed  in  nitric  acid,  and  the  whole  arrangement 
connected  with  the  wire  of  the  galvanometer.  From  the  facts  stated 
it  appears,  that  platina  is  positive  with  regard  to  peroxide  of  lead, 
and  diat  the  disappearance  of  that  compound  is  caused  by  a  current 
which  eliminates  hydrogen  at  the  negative  peroxide,  by  which  means 
the  latter  is  reduced  to  protoxide  of  lead,  and  rendered  soluble  in 
nitric  acid.  In  a  similar  manner  I  have  ascertained  that  the  voltaic 
relation  of  inactive  iron  to  peroxide  of  lead  is  exactly  the  same  as 
that  of  platina  to  the  said  peroxide.  In  using  peroxide  of  silver 
instead  of  that  of  lead,  voltaic  efiects  are  produced  quite  the  same 
as  those  which  were  just  spoken  of,  that  is  to  say,  a  continuous 
current  is  excited,  to  which  the  peroxide  acts  the  part  of  the  cathode, 
and  either  of  the  metals  in  question  that  of  the  anode.  As  to  the 
voltaic  relation  which  one  of  the  peroxides  mentioned  bears  to  the 
other,  my  experiments  have  shown  that  peroxide  of  silver  is  always 
negative  with  regard  to  the  peroxide  of  lead,  be  the  fluid  made  use 
of  nitric  acid  or  a  solution  of  blue  vitriol.  Now,  from  all  the  facts 
above  stated,  I  think  we  may  be  allowed  to  draw  two  important  in- 
ferences :  1 .  That  peroxide  of  silver,  peroxide  of  lead,  platina,  and 
inactive  iron  constitute  a  series  of  substances,  in  which  the  preceding 
one  is  always  negative  with  regard  to  that  which  follows  in  the  list. 
2.  That  any  two  of  the  four  substances  mentioned  being  voltaically 
associated  with  one  another,  and  put  either  into  nitric  acid  or  a  solution 
of  sulphate  of  copper,  excite  a  continuous  current,  which  is  not  due 
to  oxidation  or  any  chemical  change.  It  is  hardly  necessary  to  add, 
that  the  currents  produced  under  the  said  circumstances  are  ex- 
tremely feeble,  being  only  indicated  by  most  delicate  galvanome- 
ters. 

'*  The  facts  spoken  of  are  highly  important  in  a  scientiflc  point 
of  view,  as  they  seem  to  produce  evidence  in  favour  of  that  theory 
which  asserts,  that  by  the  mere  contact  of  heterogenous  substances 
their  electrical  equilibrium  can  be  disturbed  quite  independently  of 
any  chemical  action  taking  place  between  them.  All  chemists  cer- 
tainly maintain,  that  pure  nitric  acid,  for  instance,  does  not  che- 
micaJly  affect  at  all  either  platina  or  peroxide  of  lead ;  and  inactive 
iron  too,  as  we  now  well  know,  is  not  in  the  least  attacked  by  the 
said  acid.  Now,  I  ask,  whence  does  the  current  originate  which  is 
produced  when  we  combine  the  substances  in  question  in  such  a 
manner  as  to  form  with  them  a  voltaic  arrangement  ? 
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"  I  have  attempted  to  answer  this  puzzling  question  in  a  ^papex 
which  before  long  will  be  published  in  Poggendorf  s  '  Annalen/ 
as  well  as  in  the  *  Biblioth.  Univ./  and  in  which  you  will  find 
besides  a  detailed  account  of  all  the  experiments  made  by  me  upon 
the  subject  spoken  of.  If  my  time  was  not  so  much  taken  up  with 
a  varie^  of  business,  I  would  have  drawn  up  a  memoir  in  English, 
and  sent  it  to  the  editors  of  the  *  Philosopliical  Magazine/  for 
insertion ;  but  those  gentlemen  wiU,  perhaps,  give  a  translation  of 
the  paper. 

"  Allow  me  to  communicate  in  a  general  manner  the  view  which  I 
have  taken  of  the  subject  in  question.  In  the  first  place  I  am  by 
no  means  inclined  to  consider  mere  contact  in  any  case  as  the  cause 
of  the  excitement  of  even  the  most  feeble  current.  I  maintain,  on 
the  contrary,  in  accordance  with  the  principles  of  the  chemical  theory, 
that  any  current  produced  in  a  hydro-electric  voltaic  circle  is  always 
due  to  some  chemical  action.  But  as  to  the  idea  which  I  attach 
to  the  term  '  chemical  action,*  I  go  further  than  M.  de  la  Rive 
seems  to  go ;  for  I  maintain,  that  any  tendency  of  two  difierent 
substances  to  unite  chemically  with  one  another,  must  be  considered 
as  a  chemical  action,  be  that  tendency  followed  up  by  the  actual 
combination  of  those  substances,  or  be  it  not ;  and  that  such  a  ten- 
dency  is  capable  of  putting  electricity  into  circulation.  I  will  try 
to  render  this  idea  of  mine  somewhat  clearer  by  applying  it  to  some 
particular  cases.  Supposing  a  voltaic  circle  to  be  composed  of 
platina,  peroxide  of  lead,  and  nitric  acid  ;  I  say  that  the  current 
excited  in  such  an  arrangement  is  due,  first,  to  the  tendency  of  the 
acid  to  unite  with  the  protoxide  of  lead,  or,  what  is  the  same,  to  the 
tendency  of  one  proportion  of  the  oxygen  to  separate  from  the 
peroxide  ;  secondly,  to  the  tendency  of  water  to  combine  with  the 
same  protoxide  to  form  a  hydrate  ;  and  thirdly,  to  the  tendency  of 
water  to  withdraw  a  proportion  of  oxygen  from  the  peroxide  to 
produce  peroxide  of  hydrogen,  which  tendency,  from  very  well 
known  chemical  reasons,  is  yet  increased  by  the  presence  of  the  acid. 
It  is  true  that  none  of  the  said  tendencies  do  lead  to  any  chemical 
result,  for  no  nitrate  of  lead,  no  hydrate,  no  peroxide  of  hydrogen  is 
actually  produced ;  but  are  we  allowed  to  infer,  from  the  want  of  a 
practical  result,  that  no  chemical  action  whatever  takes  place  when 
nitric  acid  and  peroxide  of  lead  are  put  in  contact  with  one  another  ? 
I  ask,  are  we  to  suppose  that  the  chemical  affinities  alluded  to  are 
entirely  dormant,  and  incapable  of  any  exertion  ?  The  results  from 
my  late  experiments  induce  me  to^answer  the  question  in  the  nega- 
tive. Being  quite  of  opinion,  that  chemical  affinity  and  current 
electricity  are  but  different  forms  of  the  same  thing,  I  cannot  help 
thinking  that  any  sort  of  chemical  action  or  tendency  must  be 
capable  of  being  transformed  into  the  shape  of  a  current  For  that 
current  which  is  produced  by  inactive  iron,  being  voltaically  associated 
with  platina,  I  likewise  account  by  a  chemical  tendency  on  the  part 
of  the  former  metal.     Though  inactive  iron  be  not  in  the   least 


On  the  Polarization  of  Solid  and  Fluid  Substances.         481 

attacked  by  nitric  acid,  its  affinity  for  the  oxygen  of  the  latter  is,  on 
that  account,  by  no  means  entirely  destroyed ;  the  metal  whilst 
surrounded  by  the  acid  is  continually  tending  to  oxidize  itself,  and 
the  current  excited  in  such  a  case  is  nothing  else  but  as  it  were  the 
electrical  translation  of  a  chemical  exertion. 

"  All  the  cases  above  stated,  where  currents  are  observed  indepen- 
dently of  any  chemical  change,  can  be  explained  by  applying  to  them 
the  same  principles  as  that  by  means  of  which  I  have  accounted  for 
the  current  produced  by  nitric  add  and  peroxide  of  lead,  &c. 

"  According  to  my  experiments,  peroxide  of  silver  proves  to  be  the 
most  powerful  means  for  exciting  in  iron  its  peculiar  voltaic  condi- 
tion. It  surpasses  in  this  respect  even  the  peroxide  of  lead.  An 
iron  wire,  for  instance,  one  end  of  which  is  covered  with  only  a 
small  particle  of  the  first-mentioned  substance,  will  not  be  attacked 
either  by  nitric  acid  of  any  degree  of  dilution,  nor  by  a  solution  of 
blue  vitriol.  The  voltaic  association  of  one  substance  with  the  other 
is  easily  effected  by  connecting  one  end  of  an  iron  wire  with  the 
positive  electrode  of  a  pile,  and  by  plunging  for  a  few  minutes  the 
other  end  of  the  wire  into  a  solution  of  nitrate  of  silver." 

The  next  paper  of  Professor  Schoenbein  that  has  appeared  in 
this  country  is  headed  *'0n  the  Polarization  of  certain  Solid  and 
Fluid  Substances.*' 

"I  read  a  paper  containing  an  account  of  the  results  of  my  re- 
searches on  the  voltaic  polarization  of  solid  and  fluid  bodies,  before 
the  scientific  meetings  which  took  place  at  Bale  and  Fribonrg,  some 
few  months  ago. 

**  This  memoir,  I  think,  will  soon  be  published  in  the  '  Biblioth. 
Univ.*  and  in  Poggendorfi^s  *  Annalen,'  and  the  scientific  public 
thereby  enabled  to  appreciate  the  facts  related  in  it.  The  sort  of 
investigations  alluded  to  could  not  but  lead  me  to  make  numerous 
experiments  similar  to  those  which  were  mentioned  the  other  day 
in  the  French  Academy,  as  performed  by  MM.  Matteucci  and 
Peltier,  of  which  I  have,  however,  up  to  this  present  moment,  but 
a  very  imperfect  knowledge.  Having  from  want  of  time  not  yet 
been  able  to  draw  up  a  regular  paper  on  the  results  of  my  most 
recent  voltaic  researches,  and  thinking  them  not  quite  void  of  sci- 
entific interest,  I  beg  the  favour  of  your  giving  in  the  forthcoming 
number  of  your  widely  circulated  journal  a  place  to  the  generid 
statements,  the  tenor  of  which  is  as  follows : — 

''1.  A  platina  wire  polarized  either  in  the  positive  or  negative  way 
loses  its  peculiar  condition  by  being  heated  red  hot.  I  call  posi- 
tively polarized  a  wire  which  has  acted  for  some  time  the  part  of  the 
negative  electrode  in  water  slightly  acidulated  by  sulphuric  acid ; 
and  I  term  negatively  polarized  a  wire  which  has  in  the  same  liquid 
performed  the  function  of  the  positive  electrode. 

'*  2.  A  platina  wire  positivdy  polarized  loses  its  peculiar  condition 
by  being  plunged  only  for  a  single  moment  inta  an  atmosphere  of 
chlorine. 
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'*  3.  A  platina  wire  positively  polarized  loses  likewise  its  electromO'- 
tive  power  by  being  placed  in  an  atmosphere  of  oxygen ;  but  in 
order  to  destroy  entirely  the  polarity  of  the  wire,  it  is  necessary 
that  it  should  remain  for  some  seconds  in  the  gas  mentioned. 

"  4.  A  platina  wire  negatively  polarized  loses  its  peculiar  condition 
by  being  put  into  an  atmosphere  of  hydrogen,  but  in  order  to  obtain 
this  effect,  it  is  required  that  the  wire  in  question  should  remun 
for  some  seconds  in  the  gas. 

''5.  A  platina  wire  polarized  either  negatively  or  positively  is  not 
sensibly  affected  by  being  placed  in  an  atmosphere  of  carbonic  acid, 
or  in  one  of  any  other  gas  which  does  not  chemically  act  either 
upon  hydrogen  or  oxygen. 

"6.  A  platina  wire  (in  its  natural  state)  assumes  in  every  respect 
the  condition  and  voltaic  bearings  of  a  positively  polarized  wire  by 
being  plunged  only  for  a  few  seconds  into  an  atmosphere  of  hydro- 
gen. 

*'  7«  Gold  and  silver  are  not  sensibly  affected  under  the  same  cir- 
cumstances. 

"8.  A  platina  wire  does  not  acquire  any  degree  of  electromotive 
power  by  being  put  into  oxygen  gas :  the  metal  remains  in  its 
natural  state.  Neither  is  any  degree  of  such  power  acquired  by 
gold  or  silver  under  the  same  circumstances. 

''9.  Platina,  gold,  and  silver,  by  being  placed  only  for  a  few  se- 
conds in  an  atmosphere  of  chlorine,  assume  the  voltaic  state  of  a 
negatively  polarized  wire. 

''10.  Water  slightly  acidulated  with  sulphuric  acid  and  holding 
some  hydrogen  dissolved,  bears  to  acidulated  water  containing  no 
hydrogen  the  same  voltaic  relation  that  zinc  does  to  copper ;  pro- 
vided, however,  both  fluids  be  separated  from  each  other  by  a  mem- 
brane, and  connected  with  the  galvanometer  by  means  of  platina 
wires.  If  for  the  latter  purpose  (that  is  to  say,  for  connecting  the 
fluids  with  the  galvanometer)  gold  or  silver  wires  are  made  use  of, 
the  said  fluids  do  not  excite  the  least  current. 

''11.  Two  fluids,  one  being  acidulated  water  containing  some  oxy- 
gen dissolved,  the  other  being  likewise  acidulated  water  containing  no 
oxygen,  appear  to  be  in  a  voltaic  point  of  view  perfectly  indifferent 
te  each  other,  whether  they  are  connected  with  the  galvanometer  by 
platina,  silver,  or  gold  wires. 

"  12.  Water  slightly  acidulated  with  sulphuric  acid  and  holding 
some  chlorine  dissolved,  bears  to  acidulated  water  not  containing 
any  chlorine,  the  same  voltaic  relation  that  copper  bears  to  zinc. 
In  other  terms,  the  former  fluid  acts  under  certain  circumstances 
the  electromotive  part  of  the  peroxides  of  silver,  lead,  &c. 

"  18.  The  aqueous  solution  of  hydrogen  mentioned  in  (10,  loses 
its  property  to  excite  a  current  by  being  mixed  with  a  certain  quan- 
tity of  an  aqueous  solution  of  chlorine ;  and  vice  versa,  the  latter 
fluid  loses  its  electromotive  power  mentioned  in  }  12,  by  being 
mixed  with  a  sufficient  quantity  of  hydrogen  dissolved  in  water. 
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"14.  Muriatic  acid  positively  polarized  loses  its  peculiar  Toltaic 
condition'  bj  being  mixed  with  some  chlorine,  and  the  same  acid  be- 
ing negatively  polarized  loses  its  polarity  by  being  treated  with 
some  hydrogen.  From  the  facts  stated,  and  others  which  are  men- 
tioned in  the  memoir  above  alluded  to,  a  great  number  of  rather  im- 
portant inferences  might  be  drawn  ;  but  having  for  the  present  no 
leisure  time  to  do  so,  I  am  obliged  to  confine  myself  to  stating  those 
which  follow :  — 

"  a.  The  secondary  currents  produced  both  by  polar  wires,  elec- 
trolytic fluids,  and  secondary  piles,  are  due  to  chemical  action,  i.e, 
(in  the  cases  mentioned),  to  the  union  of  oxygen  with  hydrogen,  or 
to  that  of  chlorine  with  hydrogen  ;  and  not  as  M,  Peltier  seems  to 
think,  to  the  mere  act  of  the  solution  in  water  of  the  gasses  men- 
tioned. 

"  b.  The  chemical  combination  of  oxygen  and  hydrogen  in  acidu- 
lated (or  common)  water  is  brought  about  by  the  presence  of 
platina  in  the  same  manner  as  that  metal  determines  the  chemical 
union  of  gaseous  oxygen  and  hydrogen. 

**  c.  The  current  produced  by  a  platina  wire  being  surrounded  by 
a  film  of  chlorine,  or  by  water  holding  chlorine  in  solution,  is 
not  dependent  on  the  action  of  the  latter  body  upon  platina,  but 
on  the  action  of  chlorine  upon  the  hydrogen  of  water. 

"  d,  Electrotytic  bodies  do  not  suffer  even  the  weakest  current  to 
pass  through  them  without  undergoing  decomposition.  This  in- 
ference is  drawn  from  the  fact  ascertained  by  me  some  time  ago, 
that  platina  wires,  acting  as  electrodes  in  muriatic  acid,  are  polar- 
ized by  a  current  so  weak  as  not  to  be  able  to  electrolyze  even 
iodide  of  potassium. 

"  e.  The  most  delicate  test  to  ascertain  that  electrolyzation  has 
taken  place,  is  the  polarized  state  of  the  electrodes. 

*'  1  cannot  close  this  communication  without  pointing  out  the 
beautiful,  and,  as  it  seems  to  me,  most  conclusive  evidence  in 
favour  of  the  correctness  of  the  chemical  theory  of  galvanism,  now 
so  much  contested,  which  is  afforded  by  the  fact  stated  in  §  10.  If 
the  mere  contact  of  the  two  different  fluids  mentioned  there,  were 
the  real  cause  of  the  current  obtained,  it  is  obvious  that  the  same 
current  ought  to  be  produced  whether  the  fluid  be  connected  with 
the  galvanometer  by  means  of  gold,  or  if  they  be  connected  with  the 
instrument  by  that  of  platina  wires ;  but  the  result  being  deter- 
mined by  the  nature  of  the  connecting  wires,  and  platina  being 
known  to  favour  the  union  of  hydrogen  and  oxygen,  whilst  gold  and 
silver  do  not  possess  in  any  sensible  degree  that  property,  we  are  en- 
titled to  assert  that  the  current  in  question  is  caused  by  the  combina- 
tion of  hydrogen  with  [the]  oxygen  [contained  dissolved  in  water], 
and  not  by  contact." 

The  last  paper  of  Professor  Schoenbein's  on  these  subjects,  that 
we  shall  have  to  notice,  will  be  found  at  page  285,  vol.  vii,  of  these 
"  Annals." 

Bale,  December,  1838. 
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Observations  and  Suppositions  towards  forming  a  new  Hypothedsfw 
explaining  the  several  Phenomena  of  Thunder  Gusts.  By  Dr. 
Franklin. 

1.  NoN-ELECT&ic  bodies  that  have  electric  fire  thrown  into  them, 
will  retain  it  till  other  non-ekc tries  that  have  less  appioach ;  and 
then  it  is  communicated  with  a  snap,  and  becomes  equally  divided. 

2.  Electrical  fire  loves  water,  is  strongly  attracted  by  it,  and  they 
can  subsist  together. 

3.  Air  is  an  electric  per  se,  and  when  dry  will  not  conduct  ihe 
electrical  fire  ;  it  will  neither  receive  it,  nor  give  it  to  other  bodies  ; 
otherwise  no  body  surrounded  by  air,  could  be  electrified  positively 
and  negatively :  for  should  it  be  attempted  positively,  the  air  would 
immediately  take  away  the  overplus ;  or  negatively,  the  air  would 
supply  what  was  wanting. 

4.  Water  being  electrified,  the  vapours  arising  from  it  will  be 
equally  electrified  ;  and  floating  in  the  air,  in  the  form  of  clouds,  or 
odierwise,  will  retain  that  quantity  of  electrical  fire,  till  they  meet 
with  other  clouds  or  bodies  not  so  much  electrified,  and  then  will 
communicate  as  before-mentioned. 

5.  Every  particle  of  matter  electrified  is  repelled  by  every  other 
particle  equally  electrified.  Thus  the  stream  of  a  fountain,  naturally 
dense  and  continual,  when  electrified,  will  separate  and  spread  in  the 
form  oi  a  brush,  every  drop  endeavouring  to  recede  from  every  other 
drop.     But  on  taking  out  the  electrical  fire  they  close  again. 

6.  Wafer  being  strongly  electrified  (as  well  as  when  heated  by 
common  fire),  rises  in  vapours  more  copiously^  the  attraction  of 
cohesion  among  its  paiticles  being  greatly  weakened,  by  the  oppo- 
site power  of  repulsion  introduced  with  the  electrical  fire ;  and  when 
any  particle  is  by  any  means  disengaged,  it  is  immediately  repelled, 
and  so  fiies  into  the  air. 

7.  Particles  happening  to  be  situated  as  a  and  b,  Fig.  5,  PI.  II, 
representing  the  profile  of  a  vessel  of  water,  are  more  easily  disen- 
gaged than  c  and  d,  as  each  is  held  by  contact  with  three  only,  whereas 
c  and  D  are  each  in  contact  with  nine.  When  the  surface  of  the 
water  has  the  least  motion,  particles  are  continually  pushed  into  the 
situation  represented  by  a  and  b. 

8.  Friction  between  a  non-electric  and  an  electric  per  «e,  will 
produce  electrical  fire  ;  not  by  creating,  but  collecting  it :  for  it  is 
equally  difiused  in  our  walls,  floors,  earth,  and  the  whole  mass  of 
common  matter.  Thus  the  whirling  glass  globe,  during  its  friction 
against  the  cushion,  draws  fire  from  the  cushion,  the  cushion  is  sup- 
plied from  the  frame  of  the  machine,  that  from  the  fioor  on  which 
it  stands.     Cut   off  the    communication  by  thick  glass   or  wax, 

*  Thunder  gfuts  are  sodden  storms  of  thunder  and  lightning,  which  are 
frequently  of  short  duration,  bat  sometimes  produce  mischieroos  effeets. 
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placed  under  the  cushion,  and  no  fire  can  be  produoed,  becatiBe 
it  cannot  be  collected. 

9.  The  ocean  is  a  compound  of  water,  a  non-eleetric,  and  aalti 
an  electric  per  se. 

10.  When  there  is  a  friction  among  the  parts  near  its  surface^ 
the  electrical  fire  is  collected  from  the  parts  below.  It  is  then 
plainly  visible  in  the  night ;  it  appears  at  the  stern  and  in  the  wake 
of  eyery  sailing  vessel ;  every  dash  of  an  oar  shews  it,  and  every 
surf  and  spray :  in  storms  the  whole  sea  seems  on  fire.  The  de« 
tached  particles  of  water  then  repelled  from  the  electrified  suxfiuie 
continually  carry  off  the  fire  as  it  is  collected ;  they  rise  and  form 
clouds,  and  those  clouds  are  highly  electrified,  and  retain  the  fixe 
till  they  have  an  opportunity  of  communicating  it. 

11.  The  particles  of  water  rising  in  vapours,  attach  themselves  to 
particles  of  air. 

12.  The  particles  of  air  are  said  to  be  hard,  round,  separate  and 
distant  from  each  other;  every  particle  strongly  repelling  every 
other  particle,  whereby  they  recede  firom  each  other,  as  Heut  as  com- 
mon gravity  will  permit. 

IS.  The  space  between  any  three  parddes  equally  repelling  each 
other,  will  be  an  equilateral  triangle. 

14.  In  air  compressed  these  triangles  are  smaller;  in  rarified 
air  they  are  larger. 

15.  Common  fire  joined  with  air  increases  the  repulsiott,  en- 
larges the  triangles,  and  thereby  makes  the  air  specifically  lifter. 
Such  air,  among  denser  air,  will  rise. 

16.  Common  fire,  as  weQ  as  electrical  ftre^  gives  repulsion  to  ihia 
particles  of  water,  and  destroys  their  attraction  of  cohesion ;  hence 
common  fire,  as  well  as  electrical  fixe,  assists  in  raising  vapours. 

17.  Particles  of  water  having  no  fire  in  liiem,  mutiudly  attract 
eadi  other.  Three  particles  of  water  then  being  attached  to  the 
three  particles  of  a  triangle  of  air,  would  by  dieir  mutual  attractioB 
operating  against  the  air's  repulsion,  shorten  the  sides  and  lessen  the 
triangle,  wherry  that  portion  of  air  made  denser  would  sink  to 
the  earth  with  its  water,  and  not  rise  to  the  formation  of  a  cloud. 

18.  But  if  every  particle  of  water  attaching  itself  to  air,  brings 
with  it  a  particle  of  common  fire,  the  repulsion  of  the  air  being  as- 
sisted and  strengthened  by  the  fire,  more  than  obstructed  by  the 
mutual  attraction  of  the  particles  of  water,  the  triangle  dilates,  and 
tiiat  portion  of  air,  becoming  rarer  and  specifically  lighter,  rises. 

19.  If  the  particles  of  water  bring  electrical  fixe  when  they  attadi 
themselves  to  air,  the  repulsion  between  the  particles  of  water  elec- 
trified, joins  with  the  natural  repulsion  of  the  air,  to  fcnroe  itspartides 
to  a  greater  distance,  whereby  the  triangles  are  dilated,  and  the  air 
rises,  carrying  up  with  it  the  water. 

20.  If  ihe  particles  of  water  bring  with  them  portions  of  both 
sorts  of  fire,  the  repulsion  of  the  particles  of  air  is  still  more 
strengthened  and  increased,  and  the  triangles  farther  enlarged. 
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21.  One  particle  of  air  may  be  surrounded  by  twelve  particles  of 
water  of  equal  size  with  itself,  and  in  contact  with  it ;  and  more 
added  to  those. 

22.  Particles  of  air  thus  loaded,  would  be  drawn  nearer  together 
by  the  mutual  attraction  of  the  particles  of  water,  did  not  fire, 
common  or  electrical,  assist  their  repulsion. 

23.  If  air  thus  loaded,  be  compressed  by  adverse  winds,  or  by  be- 
ing driven  against  mountains,  &c.,  or  condensed  by  taking  away  the 
fire  that  assisted  it  in  expanding,  the  triangles  contract,  the  air  with 
its  water  will  descend  as  a  dew ;  or,  if  the  water  surrounding  one 
particle  of  air  comes  in  contact  with  the  water  surrounding  another, 
they  coalesce  and  form  a  drop,  and  we  have  rain. 

24.  The  sun  supplies  (or  seems  to  supply)  common  fire  to 
vapours,  whether  raised  from  earth  or  sea. 

25.  Those  vapours  which  have  both  common  and  electrical  fire 
in  them,  are  better  supported  than  those  which  have  only  common 
fire  in  them ;  for  when  vapours  rise  into  the  coldest  region  above 
the  earth,  the  cold  will  not  diminish  the  electrical  fire,  if  it  doth  the 
common. 

26.  Hence  clouds  formed  by  vapours  raised  from  fresh  waters 
within  land,  from  growing  vegetables,  moist  earth,  &c.,  more 
speedily  and  easily  deposit  their  water,  having  but  little  electrical 
fire  to  repel  and  keep  the  particles  separate.  So  that  the  greatest 
part  of  the  water  raised  from  the  land,  is  let  fall  on  the  land  again ; 
and  winds  blowing  from  the  land  to  the  sea  are  dry,  there  being 
little  use  for  rain  on  the  sea,  and  to  rob  the  land  of  its  moisture  in 
order  to  rain  on  the  sea,  would  not  appear  reasonable. 

27.  But  clouds  formed  by  vapours  raised  from  the  sea,  having 
both  fires,  and  particularly  a  great  quantity  of  the  electrical,  sup- 
port their  water  strongly,  raise  it  high,  and  being  moved  by  winds, 
may  bring  it  over,  the  middle  of  the  broadest  continent  from  the 
middle  of  the  widest  ocean. 

28.  How  these  clouds  so  strongly  supporting  their  water,  are 
made  to  deposit  it  on  the  land,  where  it  i&  wanted,  is  next  to  be 
considered. 

29.  If  they  are  driven  by  winds  against  mountains,  those  moun- 
tains being  less  electrified  attract  them,  and  on  contact  cake  away 
their  electrical  fire,  and  being  cold  their  common  fire  also ;  hence 
the  particles  close  towards  the  mountains  and  towards  each  other. 
If  the  air  was  not  much  loaded,  it  only  falls  in  dews  on  the  moun- 
tain tops  and  sides,  forms  springs,  and  descends  to  the  vales  in 
rivulets,  which  united,  make  larger  streams  and  rivers.  If  much 
loaded,  the  electrical  fire  is  at  once  taken  from  the  whole  cloud ; 
and,  in  leaving  it,  fiashes  brightly  and  cracks  loudly  ;  the  particles 
instantly  coalescing  for  want  of  that  fire,  and  falling  in  a  heavy 
shower. 

30.  When  a  ridge  of  mountains  thus  dams  the  clouds,  and  draws 
the  electrical  fire  from  the  cloud  first  approaching  it,  that  which  next 
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follows,  when  it  comes  near  the  first  cloud,  now  deprived  of  its  fire, 
flashes  into  it,  and  begins  to  deposit  its  own  water ;  the  first  cloud 
again  flashing  into  tibe  mountains ;  the  third  approaching  cloud, 
and  all  succeeding  ones  acting  in  the  same  manner,  as  far  back  as 
they  extend,  which  may  be  over  many  hundred  miles  of  country. 

31.  Hence  the  continual  storms  of  rain,  thunder  and  lightning,  on 
the  east  side  of  the  Andes,  which  running  north  and  south,  and  be- 
ing vastly  high,  intercept  all  the  clouds  brought  against  them  from  the 
Atlantic  ocean  by  the  trade  winds,  and  oblige  them  to  deposit  their 
waters,  by  which  the  vast  rivers  Amazons,  La  Plata,  and  Oroonoko 
are  formed,  which  return  the  water  in  the  same  sea,  after  having 
fertilized  a  country  of  very  great  extent. 

32.  If  a  country  be  plain,  having  no  mountains  to  intercept  the 
electrified  clouds,  yet  it  is  not  without  means  to  make  them  deposit 
their  water.  For  if  an  electrified  cloud  coming  from  the  sea,  meets 
in  the  air  a  cloud  raised  from  the  land,  and  therefore  not  electrified, 
the  first  will  flash  its  fire  into  the  latter,  and  thereby  both  clouds 
shall  be  made  suddenly  to  deposit  water. 

33.  The  electrified  particles  of  the  first  cloud  close  when  they  lose 
their  fire ;  the  particles  of  the  other  clouds  close  in  receiving  it :  in 
both  they  have  thereby  an  opportunity  of  coalescing  into  drops. 
The  concussion  or  jerk  given  to  the  air,  contributes  also  to  shake 
down  the  water,  not  only  from  those  two  clouds,  but  from  others  near 
them.  Hence  the  sudden  fiill  of  rain  immediately  after  flashes  of 
lightning. 

34.  To  shew  this  by  an  easy  experiment :  take  two  round  pieces 
of  pasteboard  two  inches  diameter ;  from  the  centre  and  circum- 
ference of  each  of  them  suspend  by  flne  silk  threads  eighteen 
inches  long,  seven  small  balls  of  wood,  or  seven  peas  equal  in  good- 
ness ;  so  will  the  balls  appending  to  each  pasteboard  form  equal 
equilateral  triangles,  one  ball  being  in  the  centre,  and  six  at  equal 
distances  from  that,  and  from  each  other,  and  thus  they  represent 
particles  of  air.  Dip  both  sets  in  water,  and  some  adhering  to  each 
ball,  they  will  represent  air  loaded.  Dexterously  electrify  one  set, 
and  its  balls  will  repel  each  other  to  a  greater  distance,  enlarging 
the  triangles.  Could  the  water  supported  by  seven  balls  come  into 
contact,  it  would  form  a  drop  or  drops  so  heavy  as  to  break  the  co- 
hesion it  had  with  the  balls,  .and  so  fisdl.  Let  the  two  sets  then  re- 
present two  clouds,  the  one  a  sea  cloud  electrifled,  the  other  a  land 
cloud.  Bring  them  within  the  sphere  of  attraction,  and  they  will 
draw  towards  each  other,  and  you  wiU  see  the  separated  balls  close 
thus  :  the  first  electrified  ball  diat  comes  near  an  unelectrified  ball 
by  attraction  joins  it,  and  gives  it  fire ;  instantly  they  separate, 
and  each  flies  to  another  ball  of  its  own  party,  one  to  give,  the  other 
to  receive  fire ;  and  so  it  proceeds  through  both  sets,  but  so  quick 
as  to  be  in  a  manner  instantaneous.  In  the  cohesion  they  shake  off* 
and  drop  their  water,  which  represents  rain. 

35.  Thus  when  sea  and  land  clouds  would  pass  at  too  great  a  dis* 
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tence  for  the  flashy  they  are  attracted  towards  each  other  till  tdthia 
that  diatance ;  for  the  sphere  of  electrical  attraction  is  for  bejond 
the  distance  of  flashing* 

36.  When  a  great  number  of  clouds  from  the  sea  meet  a  number 
of  clouds  raised  from  the  land,  the  electrical  flashes  Appear  to  strike 
in  different  parts ;  and  as  the  clouds  are  jostled  and  mixed  by  the 
winds,  or  brought  near  by  the  electrical  attractioui  they  continue  to 
gire  and  receiye  flash  after  flash,  till  the  electrical  fire  is  equally 
difliised. 

S7.  When  the  gun  barrel  (in  electrical  experiments),  has  but 
little  electrical  flre  in  it,  you  must  approach  it  reiy  near  with  your 
knuckle  before  you  can  draw  a  spark.  Giye  it  more  fire,  and  it  wifl 
gire  a  spark  at  a  greater  distance.  Two  gun  barrels  united,  and  as 
highly  electrified)  will  gire  a  spark  at  a  still  greater  distance.  But 
if  two  gun  barrels  electrified  will  strike  at  two  inches  distanee,  and 
make  a  loud  snap,  to  what  a  great  distance  may  10,000  acres  of 
electrified  clouds  strike  and  gite  its  fire,  and  how  loud  must  be  that 
crack? 

$8.  It  is  a  cmnmon  thing  to  see  clouds  at  different  heights  pass- 
ing different  ways^  which  shews  different  currents  of  air  one  under 
the  other.  As  the  air  between  the  tropics  is  rarifled  by  the  sun,  it 
rises,  the  denser  northern  and  southern  air  pressing  Into  its  place. 
The  air  so  rarified  and  forced  Up,  passes  northward  and  southward, 
and  must  descend  in  the  polar  regions,  if  it  has  no  opportunity  be- 
fore, that  the  circulation  may  be  carried  on. 

89.  As  currents  of  air,  with  the  clouds  therein^  pass  difibrent 
ways,  it  is  easy  to  coneeive  how  the  clouds,  passing  over  each  other, 
may  attract  each  other,  and  so  come  near  enough  for  the  electrical 
stroke.  And  also  how  electrical  clouds  may  be  carried  within  land 
yery  for  from  the  sea,  before  they  haye  an  opportunity  to  strike. 

40.  When  the  air,  with  its  yapours  raised  flrom  the  ocean  between 
the  tropics,  comes  to  descend  in  the  polar  regions,  and  to  be  in  contact 
with  the  yapours  arising  there,  the  electrical  fire  they  brought  begins 
to  be  communicated,  and  is  seen  in  dear  nights,  being  first  yisible 
where  it  is  first  in  motion;  that  is,  where  the  contact  begins^  or  in 
the  most  northern  part ;  ih>m  thence  the  streams  Of  light  seem  to 
shoot  southerly,  eyen  up  to  the  zenith  of  nordiem  countries.  But 
though  the  light  seems  to  shoot  from  the  north  southerly,  the  pro- 
gress of  the  fire  is  really  from  the  south  northerly,  its  motion  begin- 
ning in  the  north  being  the  reason  that  it  is  there  seen  first. 

For  the  electrical  fire  is  neyer  yisible  but  when  in  motion,  and 
leaping  from  body  to  body,  or  from  particle  to  particle  through  the 
air.  When  it  passes  through  dense  bodies  it  is  unseen.  When  a 
wire  makes  part  of  the  circle,  in  the  explosion  of  the  electrical  phial, 
the  fire,  though  in  great  quantity,  passes  in  the  wire  invisibly  (  but 
in  passing  along  a  chain,  it  becomes  yisible  as  it  leaps  from  link  to 
link.  In  passing  along  leaf  gOding  it  is  visible:  for  the  leaf  gdd  is 
fuU  (rf pores;  hold  a  l^f  to  Sie  light  and  it  appears  like  a  net,  and  ^ 
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the  fire  ia  teeii  in  itt  leaping  ovev  the  yacaneieB.  And  as  when  a 
long  canal  filled  with  still  water  is  opened  at  one  end,  in  order  to  ba 
discharged,  the  motion  of  the  water  begins  first  near  the  opei^ 
end,  and  proceeds  towards  the  dose  end,  ihongh  the  water  itself 
moves  from  the  close  towards  the  opened  end :  so  the  electrical  fire 
diachairged  into  the  |Kdar  regbns,  perhaps  firom  a  thousand  leagues 
length  (k  vaporified  aur,  appears  first  where  it  is  first  in  motion,  f\c., 
in  the  most  northern  part,  and  the  appearance  proceeds  sonihward, 
though  the  fire  rosUy  moTcs  northward*  This  is  supposed  to  acoonnt 
for  the  Aurora  BofeaUs  * 

41>  When  there  ia  great  heat  on  the  land,  in  a  particular  region 
(the  son  havii^  shone  on  it  perhaps  several  days,  while  the  sur- 
rounding counti^ies  haye  been  screened  by  clouds),  the  lower  air  is 
larified  and  rises,  the  cooler  denser  air  above  descenda ;  the  clouds 
in  that  air  m^  firom  all  sides,  and  join  over  the  heated  place ;  and 
if  some  are  dectrifled,  others  not,  lightning  and  tiiunder  succeed, 
and  showers  fiiDt  Uenoe  timnder-gusts  al^r  heats,  and  cool  air 
after  gnats ;  the  water  and  the  clouds  that  bring  it,  coming  from  a 
higher  and  therefore  a  cooler  region* 

42.  An  electrical  spark,  drawn  finom  an  irregular  body  at  some 
distance  is  scarce  ever  strait,  but  shows  crooked  and  waving  in  the 
air*  So  do  the  flashes  of  li^tning;  the  douda  being  very  irregular 
bodies* 

43.  As  electrified  dou^  pass  ever  a  counlay,  high  hills  and  high 
trees,  lo^  towera,  spirea,  masts  of  ships,  chinmeys,  &c.,  as  so  many 
prominendea  and  pdnta,  draw  the  dectricd  fb^t  and  the  whole 
doud  discharges  there. 

44.  Dangerous,  therefore,  is  it  to  take  shelter  under  a  tree,  during 
a  thunder  gust.    It  hm  been  iktal  to  many,  both  men  and  beasts* 

45.  It  is  aalbr  to  be  in  the  open  fidd  for  another  reason.  When 
the  dothes  are  wet,  if  a  fiaah  in  ita  way  to  ^e  ground  should  strike 
your  head,  it  may  nm  in  the  wi^»r  over  the  snriaoe  of  your  body ; 
whereass  if  your  dothes  were  dry,  it  would  go  through  the  body, 
beeaus^  the  blood  and  other  humours,  containing  so  much  water, 
are  more  ready  conduelors. 

Hence  a  wet  rat  cannot  be  killed  by  the  exploding  dectrical 
botde,  when  a  dry  rat  may. 

46.  Common  fire  is  in  all  bodies,  mere  or  less,  as  wdl  as  dectricd 
fire.  Perhapa  they  may  be  difierent  modificationa  of  the  same  de^ 
ment ;  or  ibey  may  be  different  ekmenta.  The  latter  is  by  seme 
suspected. 

47.  If  they  are  different  things,  yet  they  may  and  do  subsist 
together  in  the  same  body. 

48.  When  dectricd  fbre  strikes  through  a  body,  it  acts  upon  the 
common  fire  contained  in  it,  and  puts  that  fire  in  motion ;  and  if  there 
be  a  sufficient  quantity  of  each  kind  of  fire,  the  body  will  be  inflamed. 

49.  When  the  quantity  of  common  fire  in  the  body  is  small,  the 
quantity  of  the  electricd  fire  (or  the  dectricd  stroke)  should  be 
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greater :  if  the  quantity  of  common  fire  be  great,  less  electrical  fire 
suffices  to  produce  the  effect. 

50.  Thus  spirits  must  be  heated  before  we  can  fire  them  by  the 
electrical  spark.*  If  they  are  much  heated,  a  small  spark  will  do  ; 
if  not  the  spark  must  be  greater. 

51.  Till  lately  we  could  only  fire  warm  vapours ;  but  now  we 
can  bum  hard  dry  rosin.  And  when  we  can  procure  greater  elec- 
trical sparks,  we  may  be  able  to  fire  not  only  unwarmed  spirits,  as 
lightning  doed,  but  even  wood,  by  giving  sufficient  agitation  to  the 
common  fire  contained  in  it,  as  friction  we  know  will  do. 

52.  Sulphureous  and  inflammable  vapours  arising  from  the  earth, 
are  easily  kindled  by  lightning.  Besides  what  arise  from  the  earth, 
such  vapours  are  sent  out  by  stacks  of  moist  hay,  com,  or  other 
vegetables,  which  heat  and  reek.  Wood  rotting  in  old  trees  or 
bufidings  does  the  same.     Such  are  therefore  easily  and  often  fired. 

53.  Metals  are  often  melted  by  lightning,  though  perhaps  not 
from  heat  in  the  lightning,  nor  altogether  from  agitated  fire  in  the 
metals.  For  as  whatever  body  can  insinuate  itself  between  the 
particles  of  metal,  and  overcome  the  attraction  by  which  they  cohere 
(as  sundry  menstrua  can)  will  make  the  solid  become  a  fluid,  as  well 
as  fire,  yet  without  heating  it :  so  the  electrical  fire,  or  lightning, 
creating  a  violent  repulsion  between  the  particles  of  metal  it  passes 
through,  the  metal  is  fused. 

54.  If  you  would  by  a  violent  fire,  melt  off  the  end  of  a  nail, 
which  is  half  driven  into  a  door,  the  heat  given  the  whole  nail  before 
a  part  would  melt,  must  bum  the  board  it  sticks  in.  And  the  melted 
piurt  would  bum  the  fioor  it  dropped  on.  But  if  a  sword  can  be 
melted  in  the  scabbard,  and  money  in  a  man's  pocket,  by  lightning, 
without  buming  either,  it  must  be  cold  fusion.f 

55.  Lightning  rends  some  bodies.  The  electrical  spark  will 
strike  a  hole  through  a  quire  of  strong  paper. 

56.  If  the  source  of  lightning  assigned  in  this  paper  be  the  trae 
one,  there  should  be  little  thunder  heard  at  sea  fitr  from  land.  And 
accordingly  some  old  sea  captains  of  whom  enquiry  has  been  made, 
do  affirm,  that  the  fact  agrees  perfectly  with  the  hypothesis ;  fat 
that  in  crossing  the  great  ocean,  they  seldom  meet  with  thunder  till 
they  come  into  soundQngs ;  and  that  the  islands  far  from  the  conti- 
nent have  very  little  of  it.  And  a  curious  observer  who  lived  thirteen 
years  at  Bermudas,  says,  there  was  less  thunder  there  in  that  whole 
time  than  he  has  sometimes  heard  in  a  month  at  Carolina. 

*  We  have  since  fired  sparks  without  heating  them,  when  the  weather  is 
warm.  A  little  poured  into  the  palm  of  the  hand,  will  he  wanned  snffieiently 
hy  the  hand,  if  toe  spirit  he  well  reetifled.    Ether  takes  fire  most  readily. 

t  These  fkcts,  though  related  in  several  accounts,  are  now  doubted ;  since 
it  has  been  observed  that  the  parts  of  a  bell-wire  which  fell  on  the  floor 
being  broken  and  partly  melted  b^  lightning,  did  actually  bam  into  the 
boai^s ;  and  Mr.  Kinnersley  has  round  that  a  fine  iron  wire,  melted  by 
electricity,  has  had  the  same  efieet 
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On  the  Primary  and  Secondary  Electro-Chemical  Phenomena, 

By  M.  Becquerel.* 

By  the  aid  of  electric  forces  of  a  single  pair  of  metals  long  con- 
tinued, chemical  effects,  more  or  less  considerable  are  obtained, 
whether  the  affinity  of  the  liquid  for  one  of  the  polar  metals  be  in 
accordance  with  those  forces,  or  operates  in  the  contrary  direction. 

We  every  day  observe  that  nature,  having  at  her  disposal  un- 
limited periods  of  time. for  her  operations,  produces  immense  effects 
with  very  slender  means.  These  means,  however,  frequently  escape 
our  senses,  and  have  not  been  studied  with  care,  in  consequence  of 
our  attention  not  being  directed  towards  them  in  the  usual  routine 
of  our  researches.  It  is  by  working  on  a  small  scale  only,  and  close 
observation  in  every  stage  of  the  process,  that  chance  is  afforded  to 
discover  any  part  of  the  resources  which  nature  brings  into  play  in 
the  production  of  phenomena  due  to  molecular  attraction.  We  will 
now  proceed  to  shew  some  decompositions  obtained  by  apparently 
ieeble  electric  forces. 

It  is  an  established  fact  that  voltaic  action  may  produce  chemical 
effects ;  but  we  are  ignorant  to  what  extent  that  action  when  very 
feeble,  influences  affinities;  and  whether  there  may  not  be  produced 
at  the  moment  these  become  manifest,  particular  phenomena,  which 
disappear  in  the  general  effects  when  a  pile  of  certain  energy  is 
employed. 

We  know,  for  example,  that  when  we  immerse  in  a  metallic  solu- 
tion two  wires  of  any  metal  whatever,  which  communicate  with  the 
poles  of  a  voltaic  pile,  sufficiently  energetic,  we  always  obtain  at  the 
negative  wire  either  hydrogen,  liberated  metal,  or  an  oxide;  but 
when  the  tension  is  extremely  feeble  do  the  phenomena  appear  in 
the  same  manner  P  Do  all  the  metals  possess  this  properly  in  tlie 
same  degree  P  To  be  enabled  to  resolve  these  questions  it  is  neces- 
sary to  diminish  successively  the  intensity  of  the  electricity,  and  at 
the  same  time  to  observe  what  passes  in  the  decompositions.  This 
is  what  we  are  about  to  do. 

Place  in  a  cylindrical  glass  vessel  a  metallic  solution,  a  solution 
of  copper  for  example,  and  afterwards,  with  great  care,  pour  on  the 
top  of  it  distilled  or  acidulated  water,  so  that  the  two  liquids  may 
not  mix,  but  remain  separate :  the  water  being  above  the  metallic 
solution.  If  now  we  immerse  a  plate  of  copper  into  these  un- 
mixed liquors,  and  permit  it  to  remain  a  few  hours,  we  find  that  it 
has  become  covered  with  precipitated  copper  in  a  metallic  state. 
Different  metallic  solutions  gave  similar  results.  Hence  we  under- 
stand that  metals  may  form,  with  their  own  solutions  and  pure 
water,  or  with  water  acidulated,  circles  of  electric  action  sufficient 
to  precipitate  the  metals. 

In  this  case  there  are  two  electrical  effects :  the  one  resulting  from 
the  reaction  of  the  two  liquids  on  each  other ;  the  second  from  the 

•  Becquerel's  •«  Traits  de  1'  filectricite  et  du  Magnetiame,"  vol.  iii,  p.  287. 
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reaction  of  the  acidulated  water  on  the  metallic  plate.  It  it,  there- 
fore, a  convpound  pheHomeaon;  fof  the  actiona  coaapire  or  an- 
tagonize accordingly  as  their  directiona  are  in  the  same,  or  in  oppo- 
site directions.    In  the  present  case  the  two  actions  conspire. 

Certain  thermo-electncal  phenomena  and  simple  chemical  actions, 
erdinarily  disengage  a  suttciency  of  electricity  to  produce  decom- 
positions resembling  those  we  hare  already  described.  We  will  first 
direct  our  attention  to  those  decompositions  which  are  accomplished 
by  ^nno-electric  currents. 

SeTeral  philosophers  have  endeavoured,  but  in  Tain,to  decompose 
water  by  the  thermoelectric  currents.  To  succeed,  howcTer,  they 
ought  to  hare  experimented  on  such  solutions  as  are  easily  decom- 
posable by  very  feeble  currents,  such  as  the  nitrate  of  sihrer  and  the 
oxide  of  potassium,  and  arranged  the  apparatus  so  as  to  be  enabled 
to  determine  the  production  of  the  new  compound. 

Let  us  employ  two  wires,  one  of  platinum  the  other  of  copper, 
each  a  few  inches  in  length,  and  about  a  fifteenth  of  an  indi  diamo- 
ter.  At  the  end  of  each  wire  we  form  a  smalt  loop,  by  means  of 
which  they  are  to  be  linked  together.  The  platina  loop  is  much  smaller 
than  the  copper  one,  witich  is  about  an  eighth  of  an  inch  diameter. 
If  we  solder  the  two  loops,  the  current  invariably  proceeds  in  one 
and  the  same  direction,  mm  the  platinum  to  the  copper,  whether 
the  heat  be  applied  on  the  right  or  on  the  left  of  the  point  of  jsac- 
tion.  Now  solder  a  second  wire  of  copper  ta  the  free  end  of  the 
platinum  wire,  after  which  burn  a  small  oit  of  sulphur  on  the  loop 
of  the  copper  wire ;  this  done,  apply  the  flame  of  a  spirit  lamp  to 
the  plattnom  wire  so  as  to  raise  it  to  a  red  heat,  at  the  same  time 
keeping  the  copper  loop  as  cool  as  possible,  which  is  best  done  by 
kee^nng  the  platmum  wire  in  the  extremity  of  the  white  part  of  the 
flame,  ao  that  it  may  be  but  at  a  short  distance  from  the  copper 
loop.  If  now  we  join  the  free  ends  of  the  copper  wires  to  the  ends 
of  the  wire  of  a  galvanometer  coil,  we  disoorer  a  current  of  consi- 
derable energy  flowing  ftx>m  the  platinum  to  the  copper. 

We  make  the  copper  loop  much  larger  than  the  otner  lor  tlie  pur- 
pose of  keeping  it  less  heated  when  the  temperature  of  the  platiaam 
is  raised  to  reihiess.  If,  on  the  other  hand,  we  apply  the  focus  of 
the  heat  on  the  side  of  the  copper  wire,  the  electrical  effects  become 
iliverted :  and  if  for  the  platinum  wire  we  substitute  one  of  copper, 
the  electrical  effects  will  still  be  the  same.  By  exposmg  the  two 
loops  to  the  same  degree  of  temperature,  no  electrieal  effecta  are 
prediiced. 

The  case  of  sulphur  with  which  we  cover  tiie  loop  of  the  copper 
wire,  onhances  the  electric  action  very  sensibly. 

Hence,  therefore,  two  distinct  electric  effects  are  obtained  in  a 
closed  circuit  composed  of  two  wires  of  difierent  kinds  of  metal,  ac- 
cordingly as  they  are  soldered  together,  or  in  mere  contact  witii  one 
another.  In  the  first  case,  the  current  invariably  proceeds  in  the 
same  direction,  whether  we  apply  the  heat  to  the  right  or  to  the 
left  of  the  poim  of  junctioa :  in  \m  second  cmc  it  i#  not  in  tbasame 
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direction*  The  difference  arieee  oul  y  from  their  being  in  one  case 
in  mcmly  simple  contact ;  whilst  in  tne  other  there  is  contact  in  ad- 
dition to  chemical  action  which  determines  the  formation  of  an  ox* 
ide  or  a  solphuret 

The  following  experiment  indicates  the  influence  of  chemical 
aeiioa  in  this  kind  or  phenomena.  If  a  piece  of  solphur  be  burnt 
at  one  end  of  a  eopper  win  which  forms  the  coil  of  a  galvanometer* 
and  the  other  end  of  the  wire  be  brought  orer  it  whilst  the  combus- 
tion is  in  full  forces  the  cuiventof  electricity  thos  produced  is  highly 
energetie»  and  more  intense  than  that  which  would  be  occasioned 
by  a  difference  of  tempetature  only. 

We  employ  a  tube  bent  into  the  form  of  a  letter  U,  and  containing 
a  solation  of  the  nitrate  or  the  snlphate  of  copper.  We  immerse  in 
the  Hquor  in  each  branch  a  copper  wire,  communicating  with  the 
extremitiea  of  the  wires  of  an  apparatus  like  that  just  described* 
When  the  action  has  continued  for  an  hoar*  the  immersed  wire 
which  is  connected  with  the  Begative  side  is  covered  with  copper, 
precipitated  in  a  metallic  state.    The  other  wire  is  sensibly  oxidized. 

Two  tin  wires  immersed  in  solution  of  hydro*chlorate  of  tin,  dis- 
play similar  rosnlls,  tiiat  is  lo  say,  the  wire  in  connection  with  the 
negatiTe  aide  becomes  coyered  with  crystals  of  tin. 

Wires  of  zinc,  of  siWer,  and  of  lead,  iamiersed  in  their  respective 
solutions,  exhibit  similar  phenomena. 

Wires  of  platinum  are  without  action  in  solutions  of  platinum. 

We  here  perceive  the  influence  of  the  chemical  action  which 
takes  place  between  the  wires  and  the  solutions,  on  the  electro-che- 
mical decomposition. 

Wires  of  platiB«m,gold,  and  silver,  immersed  in  solutions  of  lead, 
tin,  er  copper,  and  prepared  as  those  above,  are  equally  destitute  of 
action  on  them,  notwithstanding  the  intensity  of  the  current  remains 
the  same. 

When  we  immerse  two  nher  wires  in  a  sointiflo  of  nitrate  and 
sulphate  of  capper,  the  positive  wire  is  invariably  attacked  by  the 
add ;  but  the  negative  wire  shows  no  predpitation  of  the  metal 
from  the  solntion.  in  this  caec^  therefore,  the  oxygen  and  the  acid 
appear  to  be  more  easily  transported  to  the  positive  pole  than  the 
copper  to  tlie  negative  pole. 

In  a  solntion  of  the  nitrate  of  silver,  plaHnnm  wires  occasion 
piecipitatiaa  of  silver  as  decidedly  as  by  sMver  wires;  but  the  silver 
wires  occasion  a  more  copious  precipitation  than  is  accomplished 
by  the  platinum.  The  difference  in  the  action  ol  these  two  metals 
is  rendered  very  obvious  by  immersing  in  the  solution  at  the  same 
time,  a  silver  wire  rolled  round  a  platinum  wire. 

We  thus  see  that  by  feeble  currents  of  uniform  intensity,  the 
easily  reduced  metals  are  more  disposed  to  be  precipitated  upon 
metals  of  their  own  kind,  than  upon  any  other,  in  all  those  cases 
where  the  immersed  metal  itself  does  not  occasion  precipitation,  in 
the  manner  that  iron  precipitates  copper  from  its  solution,  lliis 
resMttkable  het  cannot  be  ohnerved  only  by  the  smpkyment  of  an 
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electrical  apparatus  of  very  feeble  teni^ion,  for  when  the  electric  ten- 
sion amounts  to  a  certain  degree,  the  metal  liberated  from  its  so- 
lution,  proceeds  to  the  negative  terminal  metal,  of  whatever  kind  it 
may  be. 

To  what  cause,  under  these  circumstances,  are  we  to  attribute 
this  predilection  of  a  metal,  combined  with  an  acid,  for  a  plate  of 
metal  of  its  own  kind  ?  The  force  of  cohesion,  whatever  that  may  be, 
is  the  only  influence  conceivable :  because  that  force  must  be  sap- 
posed  to  act  with  greater  energy  on  similar  than  on  dissimilar 
molecules.  In  this  case  the  force  of  aggregation  added  to  that  of 
the  electric  current,  ought  to  determine  the  precipitation.  But  we 
must  not  overlook  the  chemical  action  of  the  solution  on  the  posi- 
tive metal,  which  is  highly  conducive  to  the  general  effect 

If  it  be  required  to  obtain  continuous  effects  with  the  thermo- 
electric apparatus,  the  copper  loop  into  which  the  platina  loop  is 
linked,  must  be  renewed  from  time  to  time,  because  the  former 
becomes  completely  oxidized  by  a  continuation  of  the  process,  and 
the  continuity  thus  becomes  broken,  and  the  electro-chemical  ac- 
tion consequently  ceases. 

An  apparatus  formed  of  a  platinum  wire  and  a  wire  of  iron  has 
no  action  sufficient  to  produce  decomposition.  This  negative  effect 
is  undoubtedly  owing  to  the  peculiar  electrical  properties  doe  to 
iron  :  of  which  we  have  already  spoken  and  now  return  to  again. 

The  apparatus  about  to  be  described  is  destined  to  produce  slow 
continuous  electric  actions. 

We  take  two  small  glass  jars,  into  one  of  them  we  place  some 
nitric  acid,  and  in  the  other  some  potash  dissolved  in  water :  and 
establish  a  communication  between  them  by  means  of  a  bent  glass 
tube  fllled  with  potters'  clay  moistened  with  a  solution  of  nitrate  of 
of  potash,  or  of  common  salt.  We  then  place  in  each  vessel  a  plate 
of  platinum  to  which  is  attached  a  wire  of  the  same  metal.  At  the 
free  end  of  each  platinum  wire,  we  ^x  the  end  of  the  wire  ou  which 
the  experiment  is  to  be  made.  The  plate  in  contact  with  the  alkali 
receives  the  negative  electricity  which  becomes  disengaged  by  its 
reaction  on  the  water,  or  the  solution  of  the  nitrate  or  the  chloride, 
and  the'  plate  in  the  acid  receives  the  positive  electricity  which  is  li- 
berated during  the  same  reaction.  We  have  thus  a  permanent  pile, 
by  taking  care  to  close  the  vessels  so  as  to  prevent  evaporation  and 
the  action  of  the  air  on  the  alkali.  By.  immersing  several  plates  of 
platinum  in  the  liquids  in  the  jars  we  may  put  several  sets  of  ap- 
paratus into  action  at  the  same  time. 

We  may  employ  water  as  a  substitute  for  the  potash,  and  a  copper 
wire  in  each  vessel.  Even  with  this  arrangement  we  obtain  chemi- 
cal action,  and  an  electric  current,  from  the  copper  to  the  acid,  of 
sufficient  energy  to  produce  decompositions  similar  to  those  already 
described. 

It  will  not  be  doubted  that  in  electro-chemical  decomposition, 
produced  by  electro  currents  of  low  tension,  the.  oxygen  and  acids 
assemble  at  the  positive  pole,  as  decidedly  as  in  those  enei^g^c 
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currents  proceeding  from  the  action  of  several  voltaic  elements. 
The  wire  attached  to  the  negative  pole  is  always  seen  to  be  covered 
with  precipitated  metal :  but  the  determination  of  oxygen  and  acid 
at  the  positive  polar  wire,  cannot  always  be  detected.  In  such  cases 
they  have  formed  an  insoluble  compound. 

We  have  also  shown  above  that,  when  two  silver  wires  are  immersed 
in  a  solution  of  nitrate  of  copper,  and  in  connexion  with  the  voltaic 
apparatus,  the  positive  wire  becomes  sensibly  altered,  whilst  the 
negative  wire  retains  its  metallic  brilliancy,  although  no  trace  of 
metallic  copper  can  be  detected  on  its  surface.  We  may  have  the 
choice  of  two  modes  of  explanation  in  this  circumstance.  We  may 
suppose  the  copper  to  have  been  arrested  in  the  solution,  as  is  some- 
times the  case  when  an  insoluble  compound  is  formed ;  and  in  the 
present  case  no  transfer  of  the  elements  of  the  nitrate  has  taken 
place,  although  it  has  been  decomposed ;  or  we  may  suppose  the 
deposit  on  the  negative  wire  was  too  slight  to  be  observed. 

We  may  now  employ  two  small  cylindrical  glass  vessels,  in  one 
of  which  is  placed  a  solution  of  the  nitrate  of  barjrtes,  and  in  the 
other  a  solution  of  the  sulphate  of  copper;  and  form  a  communica- 
tion between  the  solutions  by  means  of  a  benttul^  filled  with  potters' 
clay,  well  soaked  with  a  solution  of  common  salt,  which  will  facilitate 
the  transfer  of  electricity  between  the  solutions.  Into  the  sulphate 
solution  we  immerse  a  copper  wire  connected  with  the  negative  side 
of  the  apparatus ;  and  in  the  nitrate  of  barytes  the  other  wire.  If 
now,  the  sulphuric  acid  proceeds  towards  the  positive  pole  it  will 
enter  the  solution  of  barytes,  and  by  uniting  with  that  base  will 
form  a  precipitate. ' 

Now,  this  is  what  actually  happens.  After  the  experiment  has 
l>een  continued  four  or  five  hours,  the  negative  end  is  covered  with 
copper :  the  solution  of  nitrate  of  barytes  is  not  sensibly  disturbed, 
and  the  positive  end  is  oxidised.  Are  we  to  infer,  from  this  circam- 
stance,  that  nothing  but  the  oxygen  has  been  transferred,  and  that 
the  sulphuric  acid  has  remained  in  the  sulphate  P  This  question 
can  be  answered  only  by  an  analysis  of 'the  secondary  productions 
formed  in  the  tube :  and  there  is  reason  to  believe  that  sulphate  of 
barytes  would  be  found.  In  general  when  the  production  is  not 
found  at  one  of  the  poles,  we  may  be  certain  that  it  has  been  arrested 
on  its  way  by  superior  affinities. 

The  acetates  and  sub-acetates  of'  lead  are  also  decomposed  by 
means  oi  leaden  wires ;  but  the  acetate  of  copper,  and  the  saturated 
solution  of  the  same  salt  in  ammonia  resist  an  electric  action  of 
low  tension,  when  copper  wires  are  immersed  in  these  solutions. 
These  remarks  are  of  some  importance  because  these  salts  decompose 
with  great  facility  by  ordinary  chemical  processes. 
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Eaeperimenis  and  Obeematians  made  with  the  View  of  Aeeertaimng 
the  Nature  i^  the  Gas  prodwed  by  paeeing  Electric  Diechargee 
through  Water  ;  with  a  Deeeriptum  of  the  Apparatus  for  tkese 
Experiments.    By  Geobob  Pbaeson,  M.D.,  F.BlS.* 

In  the  *  JporDBl  de  Physique  ^  for  the  month  of  NoT^nber,  1789« 
were  publisbed  the  very  e«iioii»  and  inlevestiiig  experiaeBta  of 
Meswf.  Peets  Van  Trooatwyk.  and  J>eimMi>  vith  tbe  MaisCaBoe  of 
Mr.  Cutbbert9oi\»  on  the  eppareol  deoomposilioQ  of  watec  by  eleo- 
tric  disebargea. 

The  apparatus  employed  was  a  tube  twelve  iadiea  in  lengtb*  and 
its  bore  was  eiie^gbth  of  an  inch  in  diameter,  Engliah  meaflore, 
whidi  wa«  hermetically  aeakd  at  one  end,  and  while  it  was  sealiog 
aa  inch  and  a  half  of  gold  or  platina  wire  was  introdoced  within  the 
tube,  and  fixed  into  the  closed  end  by  mdUng  the  glasa  around  the 
extremity  of  the  wire.  Another  wire  ef  platina  or  of  gold,  with  pla- 
tijsa  wire  at  its  eBtremity,  immersed  in  quicksilver,  was  introdnced 
at  the  open  end  of  the  tube,  which  eBtended  to  within  ftve^ighdis 
of  an  ipoh  of  the  upper  wue»  which,  as  was  just  said,  was  fixed  iaio 
the  sealed  extrenitv.-h 

The  tube  was  fillea  with  distilled  water,  which  had  been  freed 
(rom  air  by  means  of  CuAbertson'to  last  improved  air  pump,  of  the 
gref^teet  rarify  ing  power.  As  the  open  end  of  the  tube  was  uoBiened 
in  a  cup  of  Quicksilver,  a  little  common  air  was  let  up  into  the  oqb- 
vex  part  of  toe  earved  end  ef  the  tube,  with  the  view  of  preventing 
fracture  from  the  electrical  discharges. 

The  wire  which  passed  through  the  sealed  extremity  was  set  in 
contact  with  a  brass  insulated  ball ;  and  this  insulated  ball  was 
placed  at  a  little  distance  from  the  prime  conductor  of  the  electrical 
macbiue^  The  wire  of  the  lower  or  open  extremity,  immcsrsed  in 
quicksilver,  communicated  by  a  wire  or  chain  with  the  exterior 
coated  surface  of  a  Leyden  jar,  which  coatained  about  a  square  loot 
of  coating ;  and  the  ball  of  the  jar  was  in  contact  with  the  prime 
conductor. 

The  electrical  machine  consisted  of  two  plates  of  thirty«one  inches 
in  diameter,  and  aimUar  to  that  of  Teyler*  It  possessed  the  power 
of  causing  the  jar  to  discharge  itself  twenty-five  times  in  fiAoen  revo- 
lutions.   When  the  brass  \m\  and  that  of  the  prime  conductor  were 

*  From  NiebolMn'fl  Jovnal. 

t  In  another  part  of  Mr.  Van  Troostwyk's  memoir  it  ib  stated  that  the 
diftanee  was  an  ineh  and  a  onerter  from  the  end  of  the  npper  wfane  to  tbe 
top  of  tbe  lower  wire ;  and  that  the  difltanee  between  the  insidated  ImB  and 
the  prime  condnetor,  was  at  first  thre»-fSraiiba  of  an  ineh^hntthataftcrvaidi 
it  was  increased  to  one  inch.  Althonsh  the  wire  fastened  into  the  top  of  the 
tube  was  said  to  be  an  inch  and  a  half  in  length,  it  is  observed  tiiat  when 
a  colnmn  of  three-eighths  of  an  inch  of  air  was  collected,  it  was  almost  at  the 
eitremity  of  the  npper  wire.  Yrom  tiiese  and  ottier  inaeearades,  it  will  be 
made  appear  that  no  one,  from  the  aecount  pabliahed,  has  been  aUe  to  re- 
peat the  experiment. 
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in  contact,  no  air  or  gas  was  disengaged  tVom  the  water  by  tlie  elec- 
trical discharges ;  bat  on  gradaally  increasing  their  distance  from 
one  another,  the  position  was  found  in  which  gas  was  disengaged, 
and  which  ascencied  immediately  to  the  top  of  the  tube.  By  con- 
tinuiog  the  discharges,  gas  continned  to  be  disengaged  aod  ascend, 
till  it  reached  nearly  to  the  lower  extremity  of  the  upper  wire ;  and 
then  a  cHseharge  occasioned  the  whole  of  the  gas  to  disappear,  a 
small  portion  excepted,  and  ltd  place  was  consequently  supplied  by 
water. 

The  residuary  portion  of  gas  being  let  out  after  ^ach  experiment, 
and  the  discharges  being  continued  in  the  same  water,  this  residuary 
gas  was  left  in  smaller  and  smaller  quantity ;  so  that  after  four  ex- 
periments, probably  made  on  the  same  day,  it  did  not  amount  to 
more  than  l-80th  of  the  bulk  of  gas  which  had  been  produced. 
If  it  had  been  possible  to  pass  electric  sparks  through  this 
▼ery  small  quantity  of  gas  a  second  time,  or  oftener,  it  was  supposed 
it  Would  have  been  diminished  still  more.  But  when  the  tube  had 
been  left  for  a  night  only  filled  with  water,  the  residuary  gas  was  in 
greater  quantity  than  alter  the  last  experiment  the  preceding  day.* 

It  was  eoncluded  that  the  gas  produced  by  the  electrical  discharges 
was  oxygen  and  hydrogen  gas,  from  decompounded  water  t-^ 

1.  B^ecause  no  other  gas  hitherto  known  instantly  disappears  on 
passing  through  it  an  electric  spark. 

2.  The  gas  obtained  must  have  been  the  oxygen  and  hydrogen 
of  decompounded  water,  because  they  were  in  exactly  those  propor- 
tions in  which  by  combination  they  reproduce  water ;  the  tiinin; 
residue  being  considered  to  be  merely  a  portion  of  air  which  ha 
been  dissolved  in  the  water. 

3.  Liquids  which  are  not  compounded  of  hydrogen  and  oxygen, 
as  sulphuric  and  nitric  acids,  afforded  gas  by  the  electric  discharges, 
but  which  did  not  disappear  on  passing  through  it  an  electric  spark ; 
but  which  did  disappear  on  adoing  to  it  nitrous  gas  over  water. 
Mr.  Schurer  also  asserts,  on  the  authority  of  Mr.  Van  Troostwyk, 
that  even  liquid  muriatic  acid,  which  contains  a  very  large  proportion 
of  water,  afllords  hydrogen  gas  only,  die  oxygen  l>eing  absoroed  by 
the  muriatic  acid,  and  becoming  oxy-muriatic  acid. 

From  much  experience  I  can  safely  affirm,  that  it  is  scarcely 
possible  for  the  student,  or  even  the  proficient,  to  institute  the  above 
experiment  with  success  from  the  explanation  published.  Hence, 
during  the  six  years  which  have  elapsed  since  its  publication,  no 
confirmation  has  been  published  except  the  experiment  repeated  by 
Mr.  Cuthbertson  for  my  satisfaction^  as  related  in  my  work  on  the 

*  In  at  least  fifty  experimenta  I  have  never  seen  the  residue  of  jam  less 
than  l-40tli  of  the  gas  produced,  although  the  water  had  been  freed  mnn  air 
by  the  most  effectual  means.  Bat  Mr.  Schurer  (Annalesde  Chimie,  torn,  t, 
p.  876),  testifies  that  he  saw  Mr.  Van  Troostwyk  make  the  experiment,  and 
that  after  it  was  repeated  many  timea  on  the  same  parcel  of  water,  there  was 
no  residue  at  alL  I  have  very  good  grounds  for  beueving  that  this  is  one  of 
the  number  of  inaccuracies  in  the  account  published  of  tus  subject. 
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chemical  nomeDcIature ;  but  I  have  heard  of  many  persons,  and 
some  of  whom  were  experienced  electricians  and  chemists,  who 
made  the  attempt. 

Since  Mr.  Cuthbertson  came  to  reside  in  L^dou,  I  have  learned 
from  him  the  circumstances  requisite  to  the  success  of  the  experi- 
ment; and  i  have  received  from  him  also  very  great  assistance  in 
continuing  a  process  with  the  objects  I  had  in  view,  the  tediousness 
and  even  difficulties  of  which  can  only  be  conceived  by  those  who 
have  been  engaged  in  the  same  pursuit. 

I  am  very  sensible  that  it  would  be  unnecessary  for  me  to  explain 
the  importance  of  a  process  which  may  at  last  afford  demonstration 
of  the  composition  of  water,  by  the  fullest  and  unequivocal  evidence 
of  its  analysis  and  synthesis ;  a  demonstration  whicn  no  other  single 
process  but  the  present  proniises  to  afford. 

I  propose  therefore  in  this  paper : 

1.  To  give  such  a  description  of  the  experiment  of  rendering 
water  into  gas  by  electric  discharges,  as  shall  enable  any  person  who 
is  versed  in  pneumatic  chemistry,  and  acquainted  with  the  theory  and 
practice  of  electricity,  to  repeat  it  with  success.  By  this  descrip- 
tion, also,  I  apprehend  I  shall  make  known  more  generally  the  very 
eleeant,  and  frequently  most  satisfactory  mode  of  decompounding 
and  compounding  bodies,  by  means  of  the  fire  of  the  electric  dis- 
charge. 

2.  It  is  proposed  to  relate  the  additional  evidence  which  I  have 
already  obtained  from  this  process,  concerning  the  composition  of 
water.  For  although  it  seems  most  probable  that  water  is  decom- 
pounded in  Mr.  Van  Troostwyk's  experiment,  it  must  be  confessed 
that  it  does  not  make  appear  a  single  unequivocal  and  decisive  pro- 
perty of  hydrogen  and  oxygen  in  the  gas  produced.  The  disappear- 
ance of  this  gas  by  combustion,  or  in  some  other  way,  instantly  on 
passing  through  it  an  electric  spark,  it  is  true,  is  a  property  known  only 
to  belong  to  the  mixture  of  oxygen  and  hydrogen  gas ;  but  it  is  well 
ascertained,  that  things  of  totally  different  species  may  agree  in  one 
or  more  properties.  And  there  is  at  least  a  possibility,  that  electric 
discharges  may  produce  various  other  kinds  of  gases,  in  water,  beside 
hydrogen  and  oxygen  from  decompounded  water;  and  which  may 
have  the  property  of  instantly  disappearing  on  passing  through 
them  an  electric  spark. 

3.  I  shall  attempt  to  resolve  the  phenomena  of  the  process  into 
a  general  law  of  the  action  of  fire,  or  of  the  joint  action  of  caloric 
and  light. 

SECTION  I. 

Of  the  Manner  of  Conducting  the  Process. 

Electric  discharges  may  be  employed  in  two  different  manners  to 
decompound  water.  One  of  these  is  by  what  has  been  termed  the 
interrupted  explosion ;  which  was  the  method,  although  not  so  ex- 
plained, of  Mr.  Van  Troostwyk.    And  the  other  method  is  by  means 
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of  the  uninterrupted  or  complete  explosion;  for  which  there  are 
two  different  kinds  of  apparatus.  These  were  invented  by  Mr. 
Cnthbertsou  in  the  course  of  my  investigation  of  this  subject. 

To  succeed  by  the  method  of  the  interrupted  explosion,  the  fol- 
lowing are  the  necessary  parts  of  the  apparatus  to  be  used,  and  the 
circumstances  to  be  attended  to  : — 

1.  The  electrical  machine  must  possess  sufficient  power. — 1  do  not 
think  any  cylindrical  machine  can  be  made  to  answer  in  this  process 
if  a  large  quantity  of  gas  be  required ;  because  they  cannot  be  made 
to  act  with  due  regularity,  constancy  and  force.  Inequality  of  the 
surface  of  tlie  cylinder  is  unavoidable,  which  causes  undulation.  A 
cylindrical  machine  never  continues  in  full  force  above  ^y^  or  six 
minutes,  without  fresh  amalgam.  Hence,  from  the  repeated  amal- 
gamization,  the  discharges  will  be  so  variable  that  the  tubes  must 
be  frequently  broken. 

I  used  plate  machines  of  a  peculiar  construction  by  Mr.  Cuthbert- 
son.  These  machines  do  not  require  fresh  amalgamization  oftener  than 
once  in  eight  hours,  and  they  possess  superior  powers  of  acting,  in 
point  of  regularity,  force,  and  duration.  A  plate  of  twenty-four 
inches  in  diameter,  with  a  jar  containing  one  hundred  ana  fifty 
square  inches  of  coating,  afforded  an  adequate  discbarge  every  second 
or  third  revolution,  for  several  hours ;  and  for  a  still  longer  time 
every  third  or  fourth  revolution,  with  one  application  of  amalgam. 
A  thirty-one  inch  plate  machine  afforded  a  due  discharge  at  first 
every  revolution,  and  afterwards  every  second  revolution  for  many 
hours,  with  one  application  of  amalgam.  The  most  useful  and 
expeditious  mi^chine  was  that  with  two  plates,  each  twenty-four 
inches  in  diameter,  and  similar  to  that  of  Teyler.  It  produced 
twenty-five  discharges  every  fiflteen  revolutions  for  an  hour  or  two ; 
and  for  four  or  ^\t  hours  longex  a  discharge  was  produced  by  less 
than  two  revolutions,  with  one  amalgamization. 

2.  The  Leyden  jar  must  have  a  sufficient  quantity  of  coated 
surface  ;  without  which  the  discharge  will  not  be  sufficiently  powerful 
to  produce  the  gas  required.  The  proper  quantity,  as  found  by 
experience,  was  about  one  hundred  and  nfly  or  one  hundred 
and  sixty  square  inches,  with  an  usual  proportional  prime  con- 
ductor. 

3.  The  distance  between  the  insulated  ball,  and  the  prime  conduc- 
tor, must  always  be  less  than  the  distance  between  the  extremities  of 
the  wires. — Not  the  least  notice  of  this  circumstance  has  been  taken ; 
yet  without  attention  to  it  the  experiment  can  never  succeed,  or  only 
for  a  very  short  time.  Accordingly  as  the  distance  between  the 
extremities  of  the  wires  within  the  tube  answered  best  when  it  was 
5-Sths  or  7-8ths  of  an  inch,  the  distance  between  the  insulated  ball 
and  prime  conductor  was  seldom  more,  but  frequently  less,  than 
5-8ths  or  6-8lhs  of  an  inch.  The  eye  must  be  kept  upon  tlie  sparks 
within  the  tube,  and  by  practice  a  person  may  become  a  judge  of 
their  force  by  their  vividness ;  which  will  direct  him  to  bring  the 
receiving  ball  nearer  to  the  prime  conductor,  when  there  appears 
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dai^6r  of  the  tube  being  brokea ;  and  on  tlie  eonttttry,  to  remo?e 
them  to  a  greater  distance  from  one  another  when  the  sparks  do  not 
produce  g^B  duly  from  the  water.  When  the  discharge  is  of  the 
most  productive  force,  both  ends  of  the  wire  within  the  tube  will  be 
illuminated  bv  a  spark ;  but,  when  it  is  weaker,  one  end  only  of  the 
wire  will  be  illuminated;  and  when  this  is  the  case,  there  is  no  risk 
of  the  tube  being  fractured,  but  gas  will  rise  from  the  end  of  one 
wire  only  instead  of  two. 

4.  Tne  estremUin  of  the  upper  ami  under  wire  wdhm  the  tube 
mnst  beat  a  certain  dS$tandefnm  tme  another.-^lf  they  be  too  near 
one  another,  the  points  of  them  will  not  be  illuminated ;  and  pro- 
Tided  the  insulated  ball  be  as  near  to  the  prime  conductor  as  the 
two  wires  are  to  one  another,  the  tube  will  be  broken,  because  there 
will  be  a  complete  explosion.  But  if  the  wires  be  at  too  great  a 
distance  from  one  anotner,  the  electric  fluid  of  the  discharge  will 
be  so  diftised  through  the  water  that  no  gas  will  be  prodacei.  If 
the  Leyden  jar  contain,  as  above  stated,  1^  or  160  square  inches  of 
coated  suriace ;  and  the  ball  of  the  prime  conductor  and  of  the 
insulated  ball  be  about  three  inches  in  diameter,  the  distance  between 
the  wires  which  generally  answered  best,  was  about  6-8ths  or  7-8ths 
of  an  inch,  as  above  said.  The  narrower  the  bore  of  the  tube,  tlie 
greater  may  be  the  distance  between  the  two  wires ;  accordingly,  the 
distance  may  be  one  inch  with  a  tube  l<»14tii  of  an  inch  wide. 

0.  The  upper  wire  fixed  into  the  tloeed  extremiiy  of  the  tubee 
muit  be  of  a  proper  length  and  thicknei$.^lf  this  wire  be  too  long, 
either  the  discharge  will  not  be  carried  through  to  the  end  of  t^ 
lower  wire  in  sufficient  quantity  to  produce  gas ;  or,  if  it  be  In  suf- 
ficient quantity  to  produce  gas,  the  tube  will  be  fractured.  The 
smaller  the  diameter  of  the  tube,  the  longer  may  be  the  opner  wire 
for  a  reason  to  be  given  under  the  next  head.  I  generally  found 
that  the  discharge  requisite  to  produce  gas  fractured  the  tube  if  the 
upper  wire  was  more  tlian  6^ths  or  7^ths  of  an  ind^  in  length, 
witJiin  a  tube  of  more  than  l-8th  of  an  inch  in  diameter.  But  with 
very  narrow  tubes,  such  as  those  of  1-I6th  of  an  inch  in  diameter,  I 
frequently  succeeded  when  the  upper  wire  was  1 1  of  an  inch  in  length. 
It  IS  obvious,  that  the  shorter  the  upper  wire  the  more  readily  will 
gas  be  produced :  the  process,  however,  will  be  rendered  still  more 
tedious  in  those  cases  in  which  a  quantity  of  gas  is  to  be  collected 
in  a  reservoir  for  examination ;  on  account  of  the  time  consumed  In 
transferring  such  small  parcels  of  gas  by  each  experiment 

The  diameter  of  the  upper  wire  cannot,  perhaps,  be  too  small ; 
for  the  greater  its  superficies,  the  more  electric  fluid  will  be  parted 
with  to  the  surrounaing  water.  Hence  platina  wire  of  the  finest 
sort,  as  that  l'240th  of  an  inch  in  diameter,  may  be  u^d  with  superior 
advantages.  This  sort  of  wire  also  cannot  be  melted  while  it  is 
soldering  to  the  glass,  which  can  hardly  be  prevented  with  fine  wire 
of  other  metals.  However,  I  found  that  copper,  brass,  or  gilt  wire, 
of  about  1-80  or  1-lOOth  of  an  inch  in  diameter,  could  be  soldered 
to  the  glass,  and  answered  perfectly.    I  did  not  find  that  any  of  the 
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metal  wires  were  affected  by  the  discbarge ;  bat  iron  or  steel  ones 
are  not  proper,  on  accoant  of  their  being  so  soon  oi^idited  by  the 
water,  and  consequently  extricating  from  it  hydrogen  gas.  I  did 
not  find  any  advantage  from  using  several  small  wir^s  twisted  to- 
gether, but  separated  at  the  end  within  the  tube ;  for  gas  was  extri- 
cated generally  at  the  point  of  one  of  them  only,  namely  the  undef- 
most.  I  think  care  should  be  taken  to  fix  the  upper  wire  so  that  it 
be  in  the  middle  of  the  tube,  as  in  thai  case  the  tube  will  be  less 
liable  to  be  broken.  As  to  the  under  wire,  the  diameter  of  it  seems 
to  be  of  little  importance;  for,  if  it  be  a  thick  one,  as  much  gas 
will  be  extricated  as  if  it  were  a  small  one ;  because  the  electric 
discharge  will  take  the  first  point  of  the  surface  of  the  wire  where 
the  gas  is  produced. 

6.  The  iubes  must  be  of  a  proper  length  wnd  diameter. — If  thej 
be  shorter  than  seven  inches,  the  discharge  will  be  liable  to  pass 
over  the  outside ;  and  if  they  be  longer  than  twelve  inches,  they 
will  be  of  an  inconvenient  length.  I  found  the  most  convenient 
length  to  be  from  nine  to  ten  inches,  exclusive  of  the  curved  part 
The  curved  part  was  found  very  useful  in  preventing  air  ascencling, 
which  was  accidentally  let  into  the  tube,  by  which  the  product  of 
gas  from  the  experiment  would  have  been  contaminated.  Sudi 
curved  extremities  were  however  less  convenient  than  straight 
ones,  on  account  of  the  greater  difficulty  of  transferring  from 
the  fonner  than  from  the  latter. 

The  diameter  of  the  tubes  should  not  be  more  than  l-8th  or  less 
than  1-1 2th  of  an  inch.  At  least  in  my  experiments  these  tubes 
answered  best  If  they  were  wider,  the  discharge  requisite  to 
produce  gas  broke  the  tube.  If  the  tubes  be  narrower  than  jost 
mentioned,  the  experimenter  will  find  it  difficult  and  tedious  to 
transfer  the  gas  through  the  curved  part  into  a  reservoir,  in  those 
cases  in  which  a  large  quantity  is  wanted  for  examination.  Where 
however  the  object  is  merely  to  show  the  production  of  gas  by  means 
of  the  dectrical  discharge  passed  through  water  between  two  wires, 
and  the  instant  dissppearance  of  gas  so  produced  by  passing  through 
it  sn  electric  spark,  the  narrowest  tubes  are  most  eligible,  as  with 
them  the  experiment  can  be  made  in  n,  shorter  time.  But  there  wag 
one  inconvenience  experienced  from  very  narrow  tubes,  namely,  the 
babbles  of  gas  were  very  apt  to  hang  near  the  end  of  the  upper 
wire  instead  of  ascending ;  and  they  were  apt  to  form  large  bubbles 
wkh  water  between  each;  in  which  situation  the  discharge  frequently 
fractured  the  tube,  or  made  gas  to  disappear  by  combustion  in  th^ 
coarse  of  the  experiment  To  possess  at  once  the  advantages  of  the 
narrow  and  wide  tubes,  about  three  to  six  inches  of  narrow  tube 
were  joined  by  fusion  to  a  bottom  part  of  a  wider  tube;  into  tbs 
eorve  of  which  tube  the  gas  produced  was  let  up  from  time  to  lime ) 
so  that  ibis  part  freouently  contained  the  products  of  ten  or  more 
experiments  before  tJie  gas  was  transferred  into  the  reservoir.  The 
vast  namber  of  tabes  which  were  broken  in  this  experiment  induced 
me  to  try  vanoos  differeot  kinds  of  them.  I  experienced  no  adrasi^ 
11 
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tages  from  annealing  tubes;  but  their  being  seemingly  rendered 
more  brittle  and  harder  by  this  treatment  was  an  effect  which  I 
least  of  all  expected.  Tubes  with  thin  sides  answered  just  as  weH 
as  with  thick  ones.  Bohemian  green  glass  tubes  were  found  excel- 
lent for  this  experiment,  as  they  were  much  less  apt  to  be  cracked 
by  the  discharges  than  any  kind  of  English  glass.  To  save  time 
and  trouble  in  so  frequently  letting  out  gas  produced  in  very  narrow 
tubes,  a  small  bulb  was  made  at  the  sealed  end.  In  this  case,  how- 
ever, as  the  upper  wire  must  be  shorter  than  other  narrow  tubes,  it 
was  more  difficult  to  regulate  the  explosion. 

Although  common  atmospherical  air  is  an  electric,  and  water  is  a 
conductor  of  electricity,  it  appears  that  the  discharge  passes  with 
more  resistance  from  wire  to  wire  through  water  in  the  above  ex- 
periment, than  through  common  air  under  otherwise  the  same 
circumstances.  The  reason  of  which  is  this :  air  being  an  elastic 
and  very  rare  flaid,  it  more  readily  gives  way  to  the  electric  discharge 
than  water;  and  it  can  therefore  pass  through  a  longer  and  thicker 
column  of  air  between  two  wires,  without  breaking  the  glass  tubes, 
than  it  can  through  water.  For  although  water  is  a  conductor,  yet 
in  a  very  small  quantity  it  is  a  very  indifferent  one ;  so  that  its 
density  and  defect  of  elasticity  more  than  compensate  for  its  con- 
ducting power.  Hence  also,  and  on  account  of  the  conducting 
power  of  water,  the  reason  of  the  upper  wire  in  this  experiment  being 
shorter  in  proportion  as  the  tube  is  wider ;  and  on  the  same  account 
will  be  seen  the  reason  of  the  advantages  of  a  small  upper  wire  over 
thicker  ones. 

It  will  be  necessary  to  add,  that  the  tubes  with  curved  extremities 
can  only  be  61  led  by  setting  them  in  water  under  a  receiver,  and 
exhausting  the  air  from  the  receiver,  tulies,  and  water ;  then,  by 
letting  in  the  air  again,  the  water  will  be  forced  up  into  the  tubes. 
Sometimes,  however,  I  have  filled  the  tubes  by  setting  them  in 
Papin's  digester. 

These  are  the  directions  for  making  the  experiment ;  but  the 
rationale  of  it  cannot  be  understood  unless  the  nature  of  the 
interrupted  explosion  be  explained ;  because  I  believe  books 
on  electricity  do  not  contain  the  necessary  information.  It  must  be 
considered,  in  the  above  experiment,  that  if  in  place  of  water 
the  tubes  be  filled  with  air,  the  whole  of  the  charge  of  the 
Leyden  jar  will  pass,  at  each  explosion,  from  the  upper  to  the 
under  wire,  and  no  interruption  in  the  discharge  will  happen ;  but 
if  they  are  filled  with  water,  then  an  interrupted  discharge  may  be 
caused  ;  by  which  is  meant  that  a  part  of  the  charge  only  passes  at 
each  explosion  through  the  water,  from  wire  to  wire,  and  with 
much  diminished  velocity.  .The  residuary  electricity  in  the  Leyden 
jar  is  nearly  one  half;  as  may  be  accurately  demonstrated  from  the 
difference  in  point  of  density,  elasticity,  and  conducting  power  of 
the  medium  of  water  and  air,  as  already  observed.  It  must  be  added, 
that  although  water  in  large  quantity  is  a  good  conductor,  and 
air  is  not,  yet  water  being  here  in  very  small  quantity,  it  proves  a 
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bad  conductor,  as  is  the  case  with  the  very  best  condactors.  A  cubic 
foot  of  water  is  only  jast  capable  of  receiving,  or  letting  pass 
through  it,  a  full  discharge  from  a  jar  of  one  foot  of  coated  surface ; 
and  the  quantity  of  water  employed  io  this  experiment  not  being 
i^TOCTr^h  part  of  a  cubic  foot,  it  is  a  very  imperfect  conductor;  so 
that  a  interrupted  discharge  only  can  pass  through  the  tube,  without 
dispersing  the  whole  of  the  water.  But  if  the  discharge  be  not 
seemingly  as  strong  as  the  tube  can  bear  without  breaking,  the  gas 
IS  not  produced  from  it ;  and  on  this  point  hinges  this  extremely 
delicate  process. 

To  succeed  by  the  method  of  the  complete  or  uninterrupted  explo- 
sion, the  following  apparatus  must  be  used,  and  rufes  observed : — 
1.  A  tube  is  employed  about  four  or  five  inches  in  length,  and 
I -5th  or  l-6th  of  an  inch  in  diameter.     One  end  is  mounted  with  a 
brass  cap,  and  the  other  end  is  sealed  at  the  lamp,  with  a  wire  about 
l-40th  of  an  inch  in  thickness  fixed  into  it,  as  above  described ; 
which  extends  into  the  brass  cap,  so  as  to  be  almost  in  contact  when 
the  explosion  is  made.     If  the  wire  touches  the  brass  cap  there  will 
be  no  explosion.     The  tube  being  filled  with,  and  set  in,  a  cup  of 
water,  the  discharge  may  be  made  into  it  as  in  the  above  described 
process;  but  here  the  insulated  ball  must  be  placed  at  a  greater 
distance  from  the  prime  conductor,  and  a  Leyden  jar  with  only  fifly 
square  inches  of  coating,  will  answer  the  purpose.     In  this  way  of 
making  the  experiment  gas  is  produced  by  each  discharge  in  the 
brass  tube,  in  much  greater  quantity,  with  much  less  frequent  ac- 
cidents, and  less   trouble,   than  io    the  former   method  with   the 
interrupted  discharge.     But  the  gas  obtained  with  this  apparatus 
always  contains  a  larger  proportion  of  atmospherical  air,  on  account 
of  the  quantity  of  water,  and  more  immediate  and  extensive  commu- 
nication of  it  with  the  atmosphere.     By  repeated  discharges  there  is 
an  impression  made  in  the  brass  tube,  in  the  part  where  the  discharge 
passes  through  it,  and  at  last  a  small  hole  is  made  in  that  part 
On  this  account  the  same  mounted  tube  cannot  serve  for  producing 
a  large  quantity  of  gas. 

The  other  sort  of  apparatus  invented  by  Mr.  Cuthbertson  con- 
sisted of  a  glass  tube  half  an  inch  wide  and  about  ^ve  inches  in 
length,  mounted  at  one  end  with  a  brass  funnel,  and  inverted  in  a 
brass  dish ;  but  afterwards  the  tube  was  blown  funnel-wise  at  the 
end.  The  other  end  must  have  a  wire  about  l-40th  of  an  inch  thick, 
sealed  into  it  at  the  lamp ;  which  wire  extends  to  nearly  the  bottom 
of  the  brass  dish  in  which  the  tube  stands. 

The  exact  distance  between  the  end  of  the  wire  and  brass  dish 
must  be  found  by  trials;  that  which  generally  answered  in  my 
experiments  was  about  1  -20th  of  an  inch.  If  it  be  properly  arranged, 
gas  will  be  produced  at  each  discharge. 

The  Leyden  jar  used  with  this  apparatus  must  contain  about  150 
square  inches  of  coating. 

The  distance  between  the  insulated  ball  and  the.  prime  conductor, 
at  which  the  experiment  succeeded,  was  commonly  about  half  an  inch.. 
112 
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If  experimenU  be  proposed  id  which  electrical  discharges  most 
be  passed  through  water  or  other  duids,  for  even  a  much  longer 
time  than  was  consumed  in  performing  those  referred  to  or  related 
in  this  paper,  it  may  be  an  object  to  employ  the  wind,  or  perhaps  the 
power  ot  a  horse,  to  turn  the  electrical  machines,  the  expense  of 
labourers  being  considerable. 

SECTION  ti. 

From  my  journal  of  the  numerous  experiments  made  during  the 
course  of  nearly  two  years,  I  shall  select  those  which  will  senre  to 
explain  the  nature  of  the  process,  and  shew  the  power  of  tlie  plate 
electrical  machines ;  and  I  shall  particularly  relate  those  expert- 
tnents  which  afforded  the  most  useful  results  concerning  the  nature 
of  the  gas  obtained. 

1.   With  interrupted  Discharges, 

Experiment  A.  About  1600  of  these  discharges  by  means  of  a 
34-inch  single  plate  electrical  machine,  in  nearly  three  honrs^  pro- 
duced from  New  River  water  taken  from  the  cistern,  and  which  bad 
not  been  freed  from  air  by  the  air  pump  or  boiling,  a  column  of 
gas,  2-3rds  of  an  inch  in  length,  and  l-9th  of  an  inch  wide. 
On  passing  through  this  gas,  between  the  two  wires  of  the  tube  in 
which  it  was  produced,  a  single  electrical  spark,  its  bulk  was  instantly 
diminished  to  2-3rds.  In  other  experiments  the  bulk  of  gas  was 
only  diminished  to  about  one  half;  and  the  result  was  the J»m« 
with  distilled  water. 

B.  The  experiment  A  being  repeated  several  times  with  distilled 
and  New  River  water,  freed  from  air  by  the  air  pump  or  long  boil- 
isg,  the  quantity  of  gas  just  mentioned  was  obtained  in  about  foar 
hours. 

On  passing  an  electric  spark  through  this  gas  in  the  situation 
above  mentioned,  its  bulk  was  instantly  diminished,  in  some  cases 
15-16th8,  and  in  others  19-20ths. 

C.  1600  interrupted  discharges,  by  means  of  a  32-inch  plate 
machine,  produced  from  New  River  water  and  distilled  water,  freed 
from  their  air  by  the  air  pump,  a  column  of  gas  about  3-4ths  of  an 
inch  in  length,  and  l-9th  of  an  inch  in  diameter,  in  the  space  of 
three  hours.  It  was  reduced  in  bulk  19-20ths  by  passing  through 
it  a  single  electrical  spark. 

D.  500  revolutions  of  the  32-inch  plate  machine,  in  three  quar- 
ters of  an  hour,  produced  600  interrupted  discharges  in  river  water 
freed  from  air  by  the  air  pnmp,  by  which  a  column  of  gas,  half  an 
inch  in  length  and  1-lOth  of  ati  inch  in  diameter,  was  obtained.  U 
was  diminished  as  usual  by  an  electric  spark  19-20ths  of  its  bulk. 

£.  Nearly  four  days'  incessant  labour  with  the  32-!nch  machine, 
produced  only  56,5488  cubes  of  gas,  of  1-lOth  of  an  inch  each»  on 
account  of  the  usual  accidents  during  the  process.  The  air  had 
been  exhausted  by  setting  the  water  under  the  receiver  of  the  air 
pump. 
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F.  It  was  found  that  6000  interrupted  discharges  produced  about 
three  inches  in  length  of  gas,  measured  in  a  tube  3-20tbs  of  an  inch 
in  width,  from  water  out  of  which  its  air  had  been  drawn  by  the  air 
pump. 

G.  It  appeared  from  many  esperiments,  that  the  same  unboiled 
water,  or  water  from  which  the  air  had  not  been  exhausted  by  the 
air  fMimp,  which  had  repeatedly  yielded  gas  by  passing  through  it 
electrical  discharges,  always  left  a  residue  of  gas  which  the  dectjri- 
«a]  spark  did  not. diminish;  and  this  residue  was  in  nearly  the 
same  quantity  after  six  or  seven  experiments,  each  of  which  afforded 
a  column  of  gas  half  an  inch  in  length  and  l-9th  of  an  inch  in  dia- 
meter, as  was  left  on  passing  the  electric  spark  through  the  gas 
afforded  by  the  third  or  fourth  experiment. 

Hence  it  seems  that  water  is  discompouoded  by  the  electric  dis- 
charge, before  the  whole  of  the  common  or  atmospherical  air  is  4lf- 
tached  from  the  water  by  merely  the  impulse  of  each  discharge. 
Yet  I  think  it  probable  that,  after  the  discharges  have  been  passed 
through  the  same  water  for  a  certain  time,  the  whole  of  the  oir  con- 
tained in  water  will  be  expelled,  and  no  gas  be  produced,  but  that 
compounded  by  means  of  the  electric  fire  from  water ;  in  which 
case,  supposing  the  gas  so  produced  to  be  at  least  merely  hydrogen 
and  oxygen  gas,  it  will  totally  disappear  on  passing  through  it  an 
electrical  spark.  But  I  have  never  been  able  to  determine  this 
point,  because  the  tubes  were  always  broken  after  obtaining  a  few 
products,  or  long  before  it  could  reasonably  be  supposed  the  whole 
of  the  air  of  the  water  was  expelled  from  it 

H.  To  the  gas  obtained  in  the  experiment  E  was  added,  over  water> 
an  equal  bulk  of  almost  pure  nitrons  gas.  Fumes  of  nitrous  acid 
appeared,  and  the  gas  examined  was  reduced  almost  i-Srd  of  its 
bulk.  A  small  bubble  more  of  nitrous  gas  being  let  up,  no  further 
dimiDution  took  place.  To  this  residue  was  added  half  its  bulk  of 
oxygen  gas,  obtained  from  oxy-muriate  of  potash. 

This  mixture  of  gases  having  stood  several  days  over  well  burnt 
lime  and  boiled  quicksilver,  an  electric  spark  was  passed  through  the 
mixture  over  quicksilver,  by  which  its  bulk  was  instantly  diminished 
l-4th;  but  no  moisture  could  be  perceived  upon  the  sides  of 
the  tube  or  on  the  quicksilver.  The  failure  of  the  appearance  of 
moisture  was  imputed  to  a  bit  of  lime  accidentally  left  in  the  tube 
which  was  burst  by  the  explosion,  and  dispersed  through  the  tube ; 
or  else  the  quantity  of  water  produced  was  so  small,  comparatively 
with  the  residuary  gas,  that  the  water  was  dissolved  by  it  in  the 
moment  of  ks  composition.  For,  supposing  water  to  have  been  com- 
pounded, it  could  not  amount  to  the  l-160th  part  of  a  grain,  and 
the  residuary  gas  was  at  least  2,0iD0  times  this  bulk. 

That  a  quantity  of  water  can  be  compounded  under  the  same 
circumstances  as  in  this  experiment,  and  be  apparently  dissolved  in 
air,  so  as  to  escape  observation,  even  widi  a  lens,  was  proved  by 
passing  an  electric  spark  tlirough  a  mixture  of  hydrogen  and  oxygen 
gts,  well  dried  by  standing  over  lime. 
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2.  With  complete  or  uninterrupted  Discharges. 

The  gas  obtained  by  the  first  described  kind  of  apparatus  for  the 
uninterrupted  discharges,  always  left  a  residue  of  at  least  one-fourth 
of  its  bulk,  on  passing  through  it  the  electric  spark,  even  when 
water  was  used  which  had  been  freed  from  air  by  boiling,  or  the  air 

Eump.  Nor  will  this  result  appear  surprising,  when  it  is  considered 
ow  liable  the  water  in  this  apparatus  is  to  mix  and  absorb  air 
during  the  experiment.  However,  this  method  would  have  been 
extremely  valuable,  if  the  next  other  method  had  not  been  dis* 
covered ;  for  gas  may  be  obtained  by  it  with  fewer  accidents,  and 
much  more  rapidly,  than  with  the  interrupted  discharges.  The  appa- 
ratus is  also  much  more  easily  fitted-up,  and  is  more  simple.  But  1 
think  it  unnecessary  to  particularly  relate  any  experiments,  as  they 
afforded  the  same  results  as  those  already  described,  and  as  those 
next  to  be  related. 

The  following  experiments  were  made  with  the  apparatus  : — 
Experiment  1.  At  Oh.  40'  p.m.,  began  to  produce  discharges  with 
a  double  plate  24-inch  machine,  in  water  taken  from  the  cis- 
tern ;  and  at  12h.  6'  p.m.,  of  the  same  day,  there  had  been  written 
down  10,200  discharges,  each  of  which  occasioned  air  to  ascend 
from  the  bottom  of  the  wire  and  brass  cup.  The  quantity  of  air 
obtained  was  now  apparently  about  one-fourth  of  a  cubical  inch, 
and  it  occupied  nearly  half  of  the  tube,  the  water  in  which  was  by 
this  time  very  muddy. 

After  standing  till  the  day  following  at  noon,  when  the  process 
was  again  commenced,  it  did  not  appear  that  any  of  the  gas  had 
been  absorbed  by  the  water  over  which  it  stood. 

At  2h.  35'  P.M.,  began  to  produce  discharges,  and  at  8h.  p.  m., 
had  passed  6,636 ;  which,  together  with  those  of  the  preceding  day, 
amounted  to  16,836.  The  tube  was  now  5-8ths  full  of  gas,  and 
there  seemed  to  be  almpst  half  a  cubical  inch  ;  for  it  was  observed 
that  the  gas  was  this  day  yielded  at  double  the  rate  it  had  been  the 
day  befo4.  This  was  accounted  for  from  the  diminished  pressure 
npon  the  electric  fire,  by  the  tube  containing  gas  instead  of  water. 

At  this  time,  namely,  at  8h.  p.m.,  I  was  surprised  on  the  passing 
of  a  discharge  by  a  vivid  illumination  of  the  whole  tube,  and  a  vio- 
lent commotion  within  it,  with,  at  the  same  time,  the  rushing  up  of 
water,  instantly  to  occupy  rather  more  than  5-8ths  of  the  space 
which  had  been  occupied  by  gas. 

The  residue  of  gas  was  not  diminished  further  by  an  electric 
spark ;  and  to  the  test  of  nitrous  gas  it  appeared  to  be  rather  worse 
than  atmospherical  air,  as  it  consisted  of  rather  less  than  one  part  of 
oxygen,  and  three  parts  of  nitrogen  or  azotic  gas. 

It  seemed  as  if  the  electrical  discharge  had  kindled  the  oxygen 
and  hydrogen  gas  of  the  decompounded  gas,  by  flying  from  the  bot- 
tom of  the  wire  to  the  brass  funnel,  so  that  the  fire  returned  into 
the  tube  where  it  passed  through  the  gas.     Or  the  combustion 
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might  be  occasioned  b  j  a  chain  of  bubbles  reaching  from  the  brass 
dish  to  the  surface  of  the  water  in  the  tube,  which  was  set  on  fire 
in  its  ascent,  and  thus  produced  combustion  of  the  whole  of  the  gas 
of  decompounded  water. 

That  this  phenomena  was  from  the  combustion  here  supposed, 
was  in  some  degree  proved,  by  finding  that  the  mixture  of  hjibrogen 
gas  and  atmospherical  air,  under  the  same  circumstances,  was 
kindled  in  the  same  manner. 

Exp.  2.  With  a  double  plate  electrical  machine,  24-inche8  in 
diameter,  and  a  similar  apparatus  to  that  in  the  last  experiment, 
14,600  discharges  produced  at  least  one-tliird  of  a  cubical  inch  of 
gas.  While  I  was  measuring  with  a  pair  of  compasses  the  quantity 
of  gas  produced,  the  points  of  them  being  in  contact  with  part  of 
the  tube  occupied  by  gas,  I  was  again  surprised  on  the  passing  of 
a  discharge  by  an  illumination  of  the  whole  tube,  and  the  rushing 
up,  with  considerable  commotion,  of  water,  to  occupy  about  two- 
thirds  of  the  space  filled  with  gas. 

The  residuary  air  was  found,  as  in  the  former  experiment,  to  be 
rather  worse  than  atmospherical  air. 

It  was  concluded  that  the  points  of  the  compasses  had  attracted 
electrical  fire  from  the  wire  to  the  sides  of  the  glass,  and  thereby 
kindled  the  hydrogen  and  oxygen  gas  of  decompounded  water. 
But  to  determine  this  question,  I  introduced  into  the  same  tube  a 
mixtuie  of  one  measure  of  oxygen  and  two  measures  of  hydrogen 
gas,  to  occupy  nearly  the  same  space  in  the  tube  as  the  gas  had 
occupied,  then  passing  an  electrical  discharge  through  it,  no  com- 
bustion was  excited ;  but  on  passing  a  discharge  while  the  com- 
passes were  in  contact  with  the  tube,  as  just  mentioned,  an  illumina- 
tion and  violent  commotion  were  produced,  with  the  rushing  up  of 
water,  to  leave  only  l-8th  of  the  gas  as  a  residue.  On  repeating 
this  experiment  with  two  measures  of  atmospherical  air,  and  one  of 
hydrogen  gas,  combustion  could  not  be  excited ;  nor  with  one  mea- 
sure of  atmospherical  air,  and  two  of  hydrogen ;  but  on  adding 
to  this  last  mixture  one  measure  of  oxygen  gas,  the  electrical  dis- 
charge produced  the  phenomena  of  combustion  just  mentioned,  with 
the  rushing  up  of  water,  to  occupy  about  two-thirds  of  the  space 
which  was  occupied  by  the  gases. 

Exp.  3.  Having  passed  12,000  discharges  through  water,  with 
the  apparatus  of  the  preceding  experiment,  and  thereby  obtained 
only  one-fifth  of  a  cubical  inch  of  gas ;  and  having  observed  that 
the  quantity  of  gas  was  not  greater  than  when  only  8,000  dis- 
charges had  been  passed,  and  yet  bubbles  had  been  seen  to  be  pro- 
duced on  each  discharge,  as  copiously,  or  more  so,  by  the  last  3,000 
or  4,000  discharges,  as  before,  I  began  to  suspect  that  part  of  the 
gas  had  been  destroyed  during  the  process,  or  had  been  absorbed. 
While  I  was  considering  how  to  account  for  this  disappearance  of 
gas,  and  was  at  the  same  time  looking  at  the  tube  through  which 
tiie  discharges  were  passing,  I  observed  one  of  them  to  be  attended 
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ynih  *  diminution,  intteatl  j,  of  about  one-fifth  of  the  gai  produoed, 
and  with  a  slight  explofiion.  I  was  now  sure,  from  this  phenomenon, 
and  from  the  unequal  augmentation  of  the  bulk  of  the  gas  at  given 
times  during  the  process,  that  combustion  had  been  excited  eevenl 
timet  before,  not  onlj  in  the  present  experiment,  but  perh^  in  the 
former  onei,  without  obserting  it.  I  conceiyed  that  a  gradual  com* 
buition  abo  very  probably  took  place  in  this  process  by  the  kindling 
of  bubbles  of  gas  in  their  ascent  through  die  water.  I  now  per- 
ceived that  the  discharges  ought  to  be  produced  more  slowly,  or  the 
tubes  to  be  wider,  to  allow  the  bubbles  to  pass  quite  through  the 
water^  in  order  to  atoid  the  ascension  of  gas  during  the  procesa. 
My  calculation,  also^  that  85,000  to  40,000  discharges  were  requisite 
to  produce  one  cubical  inch  of  gas  from  water  containing  its  usual 
quantity  of  common  air,  was  rendered  much  more  vague  by 
ascension,  Ii6  often  liable  to  be  occasioned* 

To  the  gas  which  remained  in  the  tube  in  this  experiment 
added  an  equal  bulk  of  nitrous  gas  ;  the  mixture  diminished  to  1*5; 
and  on  adding  to  the  residue  half  its  bulk  of  oxygen  gas,  and 
passing  through  it  the  electrical  spark,  no  accession  or  diminution 
of  bulk  was  produced.  Hence  all  the  hydrogen  gas  and  oxygen 
gas,  produced  by  the  decompoeition  of  the  water,  had  been  burnt 
during  the  process ;  the  oxygen  gas  thus  detected  being  considered 
to  be  only  that  expelled  from  the  water. 

Ettp,  4.  By  means  of  electrical  discharges  with  the  apparatus 
uied  in  the  preceding  experiment,  I  obtained  gas  from  New  River 
water,  letting  it  up  into  a  reservoir,  as  soon  as  about  l-20th  of  a 
cubic  inch  was  produced,  till  I  had  collected  l-8th  of  a  cubic  inch. 
To  this  was  added  an  equal  bulk  of  nitrous  gas  on  which  the  mix- 
ture diminished  to  1*2 ;  and  on  the  addition  of  a  little  more  nitrous 
gaa,  no  further  diminution  took  place.  To  this  residue  half  its  bulk 
of  oxygen  was  added ;  and  this  mixture  of  gases  being  well  dried, 
by  standing  over  lime  and  boiled  quicksilver,  an  electric  spark  was 
passed  through  it,  by  which  a  diminution  of  l-6th  of  its  bulk  took 
jdace.  A  little  dew  was  then  seen  upon  the  sides  of  the  tube 
where  the  quicksilver  had  risen ;  and  with  the  aid  of  a  lens  the 
same  appearance  was  pet^ived  on  the  part  of  the  tube  containing 
the  residue  of  gas. 

It  may  now  be  expected,  that  I  should  have  made  the  experiment 
with  this  apparatus  on  distilled  water,  freed  from  its  air,  not  only 
by  long  boiling  or  the  air  pump,  but  by  sending  through  it  aeverai 
hundred  electrical  discharges.  It  would  also  have  been,  to  some 
persons,  more  satisflictory  if  the  experiment  had  been  made  upon  a 
larger  scale,  so  as  to  have  produced  the  combustion  of  a  mudi  larger 
qncmtity  of  gas,  and  consequently  have  produced  a  greater  quantity 
of  water.  As,  however,  I  apprehend,  the  experiments  contained  in 
this  paper,  when  well  considered  by  competent  judges,  will  be  Ibnnd 
to  explain  the  nature  of  the  gas  procured  irom  water  by  ^ectiie 
dieeharges,   and  m  another  very  important  subject  demands  my 
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attention,  the  honour  of  more  splendid  and  convincing  experimenti 
must  be  reserved  for  other  enquirers.  If  the  same  sacrifices  be 
made  by  them,  as  have  been  made  in  performing  the  present  experi* 
ments,  I  think  it  is  scarcely  possible  but  that  still  ftir^er  light  con- 
cerning the  composition  of  water  should  be  procured,  as  weU  as  con- 
cerning oils,  alcohol,  acids,  &c. :  to  the  investigation  of  the  compo- 
sition of  which,  the  mode  of  analysis  and  synthesis  here  indicated 
may  be  applied. 

SECTION  in. 

On  the  Mode  of  Action  of  Electric  Discharga, 

The  mere  concussion  by  the  electric  discharges,  appears  to  extri- 
cate not  only  iiie  air  dissolved  in  water,  which  can  be  separated  from 
it  by  boiling  and  the  air  pump,  but  also  that  which  remains  in  water, 
notwithstanding  these  means  of  extricating  it  have  been  employed. 
The  quantity  of  this  air  varies  in  the  same,  and  different  waters, 
according  to  circumstances.  New  River  water  from  the  cistern 
yielded  l-5th  of  its  bulk  of  air,  when  placed  by  Mr.  Cuthbertson 
under  the  receiver  of  his  most  powerful  air  pump ;  but  in  the  same 
same  situation.  New  River  water  token  from  a  tub  exposed  to  the 
atmosphere  for  some  time  yielded  its  own  bulk  of  air.  Hence  Uie 
gas  procured  by  the  first  one,  two,  or  even  three  hundred  explosions 
in  water,  containing  its  natural  quantity  of  air,  is  diminished  very 
little  by  an  electric  spark. 

The  gas  thus  separable  from  water,  like  atmospherical  air,  consists 
<of  oxygen  and  nitrogen,  or  azotic  gas  ;  which  may  be  in  exactly  the 
same  proportions  as  in  atmospherical  air  ;  for  the  water  may  retein 
one  kind  of  gas  more  tenaciously  than  the  other ;  and  on  this  ac- 
count the  air  separated  may  be  better  or  worse  than  atmospherical 
air  at  different  peiods  of  the  process  for  extricating  it. 

With  regard  to  the  gas  which  instantly  disappears  on  passing 
through  it  an  electric  spark,  its  nature  is  shewn  by  (a)  this  very 
property  of  thus  diminishing,  and  by  the  following  properties : — 

(h)  A  certain  quantity  of  nitrous  gas  instantly  disappeared,  ap- 
parently c(miposing  nitrous  acid  by  being  added  to  ^e  gas  (a) 
Exp.  IV. 

Oxygen  gas  being  added  to  the  residue,  after  saturation  witli 
nitrous  gas,  and  an  electric  spark  being  applied  to  the  mixture  of 
gases,  well  dried,  a  considerable  diminution  immediately  took  place, 
and  water  was  produced. 

(c)  Combustion  from  hydrogen  and  oxygen  gas  took  place  when 
the  tube  was  about  three-iburths  full  of  gas,  Exp.  I ;  whidi  was  con- 
firmed by  passing  an  electric  discharge,  under  the  same  circum- 
stances, through  a  mixture  of  hydrogen  and  oxygen  gas,  Exp.  II. 

(d)  Combustion  from  hydrogen  and  oxygen  gas  took  place  when 
the  points  of  the  compasses  were  accidentally  applied  to  die  part 
of  the  tube  containing  gas;  which  was  con&ined  by  paseing 
a  tBeeharge,  under  the  same  circumstances,  Unrough  a  mixture  of 
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hydrogen  gas,  while  the  points  of  the  compasses  were  applied  to  the 
tube. 

(e)  The  observations  made  of  the  kindling  of  gas,  in  small  qaan- 
ties,  from  time  to  time,  during  the  process  of  obtaining  it,  particu- 
larly while  it  was  ascending  in  chains  of  bubbles,  or  was  adhering  to 
the  funnel  of  the  tube,  Exp.  Ill,  confirm  the  evidence  in  favour 
of  this  gas  being  hydrogen  and  oxygen  gas. 

The  evidence  contained  under  the  above  heads  (a) — (e)  consi- 
dered singly  and  conjunctively,  I  apprehend,  must  be  admitted  by 
the  most  rigorous  reasoner,  or  severest  logician,  to  be  demonstra- 
tive that  hydrogen  and  oxygen  gas  were  produced  by  passing  electric 
discharges  through  water. 

With  regard  to  the  origin  and  mode  of  production  of  these  two 
gases,  our  present  observations  and  experiments  do  not  afford  com- 
plete demonstrative  evidence  ;  but  although  some  hypothesis  must 
be  admitted,  I  conceive  that  the  body  of  evidence  we  possess  can 
afford  a  satisfactory  interpretation  of  the  phenomena. 

It  is  demonstrable  that  the  electric  discharge  and  spark  contain 
fire ;  and  very  probably  they  are  merely  a  state  of  fire.  Fire  may  be 
considered  as  consisting  of  caloric  and  light ;  but  it  is  at  least  as  con- 
sistent with  the  phenomena,  and  it  is  more  philosophical,  because  it  is 
more  simple,  to  consider  light  not  as  a  distinct  species  of  matter,  but 
as  a  state  of  caloric,  which  is  manifested  by  its  producing  the  sensa- 
tion termed  vision.  It  is  demonstrable  also,  that  the  ponderable 
parts  of  oxygen  and  hydrogen  gas  constitute  water.  There  is  strong 
evidence  that  these  gases  consist  of  a  peculiar  species  of  matter 
which  is  ponderable ;  and  of  imponderable  matter,  which  is  that 
which  is  separable  from  them  in  the  state  of  fire,  or  flame.  If 
fire  could  be  applied  in  a  sufficiently  dense  state  and  quantity,  it 
is  warrantable,  from  a  full  induction  of  facts,  to  conclude,  that  it  is 
able  to  disunite  the  constituent  substances  of  all  the  compound  sub- 
tances  in  nature. 

The  fire  of  the  electric  discharge,  in  a  very  condensed  state,  passes 
with  inconceivable  velocity  through  the  whole  length  of  the  upper 
wire,  in  the  case  of  the  interrupted  explosion,  and  of  tlie  single 
wire  in  the  case  of  the  complete  explosion;  so  that  it  neither 
exerts  its  energy  on  the  wire,  nor  on  the  water,  till  it  arrives 
at  the  extremity  of  the  wire.  There  it  is  momentarily  inter- 
rupted and  accumulated ;  and,  in  the  moment  before  its  dif- 
fusion through  the  water,  it  is  so  dense  and  In  such  quantity 
as  to  manifest  Itself  by  a  spark  at,  or  nearly  in  contact  with, 
the  extremity  of  the  wire.  In  the  moment  of  its  diffusion,  a  small 
part  of  this  condensed  wire  interposes  betwixt  the  constituent  ele- 
ments of  the  ultimate  and  invisible  particles  of  water,  that  is,  betwixt 
the  hydrogen  and  oxygen,  of  which  water  is  compounded,  so  as  to 
place  them  beyond  the  sphere  of  their  chemical  attraction  for  one 
another ;  and  each  ultimate  particle  of  hydrogen  and  of  oxygen 
uniting  with  a  determinate  quantity  of  fire,  new  compound  ultimate 
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partides,  coxisisting  of  hydrogen  and  caloric,  and  of  oxygen  and 
caloric,  that  is,  hydrogen  gas  and  oxygen  gas,  are  compounded. 
This  mode  of  action  of  electric  fire  on  water  is  confirmed  by  the 
efiect  of  electric  fire  and  common  fire,  of  a  due  degree  of  density,  on 
oxide  of  quicksilver,  which  is  by  them  resolved  into  oxygen  gas,  and 
quicksilver  in  the  vapour  state.  All  calculations  must  needs  be 
extremely  vague ;  yet,  perhaps,  some  elucidation  will;be  obtained 
by  considering  that  as  it  probably  requires  seventy  or  eighty  thousand 
discharges  to  produce  a  cubic  inch  of  gas  from  the  supposed  decom- 
pounded water,  the  gas  produced  by  each  discharge  cannot  amount 
to  one  200,000th  of  a  grain  weight.  The  quantity  of  condensed  fire 
at  the  extremity  of  the  wire  must  be  immensely  great,  comparatively 
with  the  quantity  of  it  which  enters  into  the  composition  of  the 
gases  from  decompounded  water  ;  otherwise  it  is  not  easy  to  con- 
ceive how  even  the  minutest  particle  of  water  could  be  decom- 
pounded, the  electric  fire  being  in  contact  with  a  large  body  of 
water,  and  passing  through  it  with  a  velocity  which  is  incalculable. 

The  reason  of  the  metal  wire  not  uniting  to  the  oxygen  of  the 
decompounded  water,  as  in  the  experiment  of  passing  water  through 
red  hot  iron  tubes,  might  be  assigned  from  the  intensity  of  the  fire 
only  ;  but  it  is  also  on  account  of  the  rapid  motion  of  the  discharge, 
as  well  as  partly  from  the  great  quantity  of  light.  In  a  very  low 
temperature,  light  decompounds  oxide  of  silver,  and  of  several  other 
metals ;  also  oxy-muriatic  acid,  nitric  acid,  &c.  Hence  light  both 
decompounds  bodies,  and  prevents  oxygen  from  coming  within  the 
sphere  of  chemical  attraction  of  the  metal. 

It  is  supposed  that  but  a  very  minute  proportion  indeed,  of  the 
electric  discharge,  is  consumed  at  the  end  of  the  wire  in  the  com- 
position of  gases,  during  a  momentary  interruption,  as  above  said ; 
for  it  diffuses  itself  through  the  water,  between  the  wires,  yielding 
a  volume  of  vivid  light  till  it  arrives  at  the  extremity  of  the  under 
wire  or  point  of  the  convexity  of  the  metal  cup,  where  it  is  again 
condensed  by  the  superior  conducting  power  of  the  metal  to  that  of 
water,  and  where,  if  it  be  in  due  quantity,  and  of  sufficient  density, 
it  manifests  itself  by  a  spark,  and  infallibly  again  decompounds 
water :  hence  bubbles  are  seen  to  rise  from  the  end  of  the  lower 
wire,  and  from  the  metal  cup,  as  well  as  from  the  point  of  the  upper 
wire. 

From  these  interpretations  it  will  not  be  difficult  to  explain  the 
reason  of  a  spark  appearing  in  some  cases  at  the  points  of  both  the 
upper  and  under  wire  ;  why  in  other  cases  it  appears  at  the  point 
of  the  upper  wire  only ;  why  in  others  it  appears  at  the  point  of  the 
lower  wire  only ;  namely,  according  to  the  density  of  the  fire  of  the 
discharge  there  accumulated. 

Concerning  the  agency  of  electrical  fire  in  causing  the  hydrogen 
and  oxygen  gas  of  the  supposed  decompounded  water  to  undergo 
combustion  and  produce  water,  it  is  well  known  that  the  smallest 
visible  spark,  or  particle  of  flame,  or  fire,  can  kindle  as  rapidly  a 
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very  large  quantity  of  hydrogen  and  oxygen  gas,  as  the  greatest 
quantity  of  flame,  sparks,  or  fire,  can  kindle  the  smallest  quantity  of 
these  two  gases ;  while,  on  the  other  hand,  the  largest  mass  of 
matter,  heated  most  intensely,  but  short  of  ignition,  eannot  prodnot 
combustion  d  oxygen  and  hydrogen  gas. 

Although,  as  hath  been  above  explained,  caloric  and  light,  in  a 
sufiOicientiy  dense  state,  may  decompound  every  compound  substanoc 
in  nature  ;  it  is  also  well  ascertained,  that  cidorie,  in  certain  states, 
universally  promotes  chemical  combinations.  The  mode  of  agency, 
in  this  latter  case,  I  apprehend  to  be  in  a  di^rent  way  from  tiiat 
commonly  accepted ;  for  I  think  it  is  unnecessary  to  suppose  that 
it  operates  by  increasing  the  power  of  chemical  attraction,  and  I 
conceive  its  agency  to  be  merely  diminishing  or  destroying  the  powers 
which  counteract  chemical  union;  especially  diminishing  cohesive 
attraction,  and  exciting  motion  among  the  particles  of  the  difiereot 
substances:  hence  these  substances  are  applied  to  one  aaoUxer, 
within  their  spheres  of  chemical  attraction ;  or  the  chemical  attrac- 
tion acts  between  a  greater  number  of  points  of  the  different  foodies, 
as  when  caloric  tenders  solids  and  inelastic  fluids  into  the  elastic 
fluid  state. 

Accordingly,  when  an  electric  spark,  or  the  smallest  particle  of 
flame,  or  of  an  ignited  substance,  is  applied  to  the  gas  produced  in 
the  above  process,  or  to  the  mixture  of  hydrogen  and  oxygen  gas, 
the  ultimate  particles  of  these  gases  nearest  to  the  flame  are  driven 
from  it  in  all  directions,  as  from  a  centre,  by  the  interposition  of  fire, 
or  of  caloric  and  light ;  so  that  they  are  brought  within  the  sphere 
of  their  chemical  attraction  for  the  ultimate  particles  of  the  gases  at 
a  certsia  distance  from  the  centre  ot  application  of  fire ;  which  there- 
fbre  unite,  and  the  caloric  and  light,  disengaged  by  tiiat  union,  act 
IB  a  aimilar  manner  in  producing  union  among  the  next  set  in  order 
of  proximity  of  the  ultimate  particles  of  the  gases ;  the  disengaged 
caloric  and  light  of  which  act  in  producing  union  of  the  next  set  of 
mltimate  particles  in  order ;  and  so  on  successively,  but  vrith  incal- 
culable velocity,  the  greatest  bulk  of  ultimate  particles  of  the  two 
gases  unite  with  one  another ;  the  known  products  of  which  union 
are  fire  and  water ;  or  light,  caloric,  and  water.  According  to  this 
hypothesis,  if  caloric  or  fire,  or  merely  caloric  of  sufficient  intensi^ 
and  quantity,  be  applied  to  a  given  bulk  of  hydrogen  and  oxygen 
gas,  no  combustion  should  be  produced ;  as  ihe  caloric  will  be  in- 
terposed in  «uch  quantity  that  all  the  ultimate  particles  must  be  at 
the  same  instant  driven  from  one  another  in  all  directi(»s,  so  that 
they  are  beyond  their  spheres  of  chemical  attraction  for  one  another ; 
and  in  various  instances  common  experience  verifies  this  hypothesb. 

If  light  be  considered  as  a  difierent  «pecie6  of  substance  from  ca- 
loric, then  the  theory  of  its  agency,  lately  published  by  Dr.  Parr, 
M.D.,  may  be  applied  very  happily  to  explain  the  explosion  from 
the  combustion  of  oxygen  with  hydrogen  gas.  From  a  very  large 
induction  of  fads,  Ih.  Parr  infers  that,  idthough  light  and  caloric 
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aubsiBts  together  very  commonly  in  the  same  compound  substance, 
they  simultaneously  repel  each  oUier  on  the  decomposition  of  the 
substances  with  which  they  were  united  ;  and  from  this  repulsion^ 
and  also  the  repulsion  of  oxygen  and  light  of  one  another,  he  chiefly 
accounts  for  the  combustion  of  oxygen  gas. 

On  my  principles  above  stated,  we  can  explain  why  quicksilver  of 
the  temperature  of  1000°,  or  more,  of  Fahrenheit's  scale,  cannot 
unite  to  the  oxygen  of  oxygen  gas  ;  but  why  at  this  temperature 
ealoric  separates  oxygen  in  the  gas  state  from  oxide  of  quicksilver, 
and  why  at  the  temperature  of  between  600°  and  1000°,  quick- 
silver does  unite  to  the  oxygen  of  oxygen  gas,  but  at  which 
temperature  oxygen  gas  is  not  separable  from  the  oxide  of  this  metal : 
and  again,  why  at  below  600°,  oxygen  of  oxygen  gas  can  neither 
unite  to  quicksilver,  nor  be  separated  from  its  oxide. 

These  principles  may  be  applied  variously  to  the  interpretation  of 
the  phenomena  of  combustion,  and  other  cases  of  chemical  combina- 
tion, according  to  the  state  of  aggregation  of  the  substances  which 
have  a  chemical  attraction  for  one  another.  For  example;  the 
oxygen  of  oxygen  gas  cannot  unite  to  the  constituent  substances  of 
a  wax  or  tallow  candle,  in  a  low  temperature ;  because  the  cohesive 
attraction  of  the  wax  or  tallow,  as  well  as  the  chemical  attraction 
between  their  constituent  substances — ^hydrogen  and  carbon — coun- 
teract the  chemical  attraction  between  the  oxygen  of  oxygen  gas,  and 
the  ultimate  particles  of  hydrogen  and  carbon  of  the  candle.  But  at 
a  pretty  elevated  temperature,  when  the  wax  and  tallow  are  in  the 
vapour  state,  the  cohesive  attraction  no  longer  subsisting  among  the 
ultimate  particles  of  these  substances,  and  the  motion  excited  by  the 
ignited  portion  of  wax  or  tallow  bringing  the  ultimate  particles  of 
these  substances  within  the  sphere  of  chemical  attraction  of  the  par- 
ticles of  oxygen  gas,  these  latter  unite  first  to  the  carbon,  by  virtue 
of  the  stronger  attraction  between  the  oxygen  and  carbon,  than  that 
between  the  oxygen  and  hydrogen  ;  but,  in  the  instant  of  this  dis- 
engagement of  the  carbon  from  the  hydrogen,  a  portion  of  this  hy- 
drogen unites  also  to  oxygen,  and  thus  not  only  carbonic  acid  gas 
but  water  is  produced ;  hence  the  blue  flame,  as  appears  on  other 
occasions,  in  which  there  is  combustion  of  hydro-carbonate  gas. 
The  remainder  of  the  hydrogen  of  the  decompounded  wax  or  tallow, 
ascending  in  the  gas  state,  it  unites  to  the  oxygen  of  oxygen  gas  ; 
and,  as  in  other  cases  of  combustion  of  oxygen  gas  with  hydrogen^ 
a  white  or  straw-coloured  flame  is  produced.  The  wick  answers  the 
purpose,  by  means  of  capillary  attraction,  of  applying  the  wax  and 
tallow  in  such  quantities  as  can  be  decompounded  and  combine  with 
the  oxygen  of  atmospherical  air ;  hence  the  combustion  is  gradual 
and  equal.  The  wick  itself  contains  hydrogen  and  carbon  ;  henee^ 
in  combining  with  oxygen  of  oxygen  gas,  it  also  produces  a  blue 
flame.  Hydro-carbonate  gas  being  speciflcally  heavier  dian  hydro- 
gen gas,  is  another  reason  for  the  Uoe  flame  appearing  distinct  flrooi 
the  whitOi  and  at  the  inferior  part  of  the  firuimn  of  a  eene  of  flaaae 


514  On  the  Nature  of  the  Oas  evolved  from  Water  by  Eleetrimi^. 

from  a  burning  candle.  It  is  scarcely  necessary  to  say  that  hydrogw 
and  carbon  are  constituent  substances  of  wax  and  tallow  ;  and  that 
when  they  combine  with  oxygen,  as  above  explained,  the  producti 
are  water  and  hydro-carbonate  gas. 

If  I  did  not  use  the  term  demonstration  in  a  more  strict  and 
precise  sense  than  is  usual,  except  in  mathematics,  I  would  venture 
to  affirm  that  this  theory  is  almost  demonstrated  by  the  agency  of 
fire  and  carbon  on  black  oxide  of  manganese.    If  colourless  vitrifiable 
matter,  and  that  oxide  be  melted  together,  by  means  of  the  white 
part  of  the  flame  of  a  candle,  purple  coloured  glass  will  be  produced  ; 
for  then  the  hydrogen  of  this  part  of  the  flame  carries  off  little  or 
none  of  the  oxygen  from  the  oxide:  but  if  these  substances  be 
melted  together  by  the  blue  part  of  the  flame,  colourless  glass  will 
be  produced ;  for  then  the  carbon  of  this  part  of  the  flame  carries 
off  oxygen  from  the  black  oxide,  and  produces  white  oxide.     By 
combining  oxygen  anew  with  colourless  glass,  containing  manganese, 
it  will  become  purple :  and  this  is  effected  by  melting  such  colourless 
glass  with  a  little  nitrate  of  potash,  or  by  melting  it  in  open  vessels 
by  the  yellow  flame  of  a  candle.     By  separating  oxygen  from  glass 
rendered  purple  by  manganese,  colourless  glass  is  produced :  and 
this  is  effected  by  melting  such  coloured  glass  with  a  little  carbon, 
or  by  the  blue  flame  of  a  candle.     I  have  not  thought  it  necessary 
to  distinguish  between  the  indigo  and  violet  rays  ;  or  to  notice  the 
extremely  thin  film  of  violet  flame,  which  an  attentive  observer  may 
perceive  surrounding  the  inferior  part  of  the  white,  extending  as 
high  but  scarcely  higher  than  the  wick,  because  the  explanation  is 
perfectly  obvious  from  the  preceding  distinction  of  the  two  kinds  of 
gases  afforded  by  the  candle.    If  I  have  explained  more  satisfactorily 
than  former  members  of  this  society  the  above  phenomena  of  com- 
bustion, I  owe  this  advantage  to  some  experiments  of  combustion 
of  inflammable  gases  which  I  have  made  for  some  years  past,  in  my 
chemical  lectures ;   by  which  the  colours  are  shown  to  be  very 
different,  and  correspond  to  the  above  theory.     I  apprehend  the 
theory  of  an  ingenious  member  of  this  society  cannot  explain  ade- 
quately the  phenomena,  and  does  not  appear  supported  by  any  facts : 
for  there  is  no  evidence  that  the  white  flame  is  not  equally  the  effect 
of  immediate  decomposition  as  well  as  the  blue  ;  or  that  the  blue 
becomes  white  flame  by  ignition ;  and  I  presume  that  the  experi- 
ments which  I  have  mentioned  show  that  these  differences  depend 
upon  different  decompounding  substances  contained  in  the  candle. 

With  regard  to  the  evidence  afforded  by  the  foregoing  experiments 
concerning  the  composition  of  water  and  of  hydrogen  and  oxygen 
gas :  these  substances  are  now  accounted  for  in  two  ways  only ; 
namely,  1.  By  saying  that  these  two  gases  consist  of  water  and 
imponderable  matter;  and  that  during  combustion  the  water  is 
precipitated.  2.  By  saying  that  the  two  gases  consist  of  a  peculiar 
basis,  one  of  which  is  named  oxygen  and  the  other  is  hydrogen, 
each  of  which  is  rendered  into  the  gas  state  by  uniting  to  caloric. 


On  the  Nature  of  the  Gas  evolved  from  Water  by  Electricity.  515 

and  perhaps  also  to  light ;  and  that  during  combustion  these  bases 
unite  with  one  another,  thus  compounding  water  and  discharging 
caloric  and  light.  If  complete  demonstration  could  be  given,  there 
would  not  be  two  opinions  ;  for  its  proofs,  if  understood,  command 
universal  assent :  but  the  case  being  otherwise,  that  opinion  must  be 
adopted  on  the  side  of  which  the  evidence  preponderates  according 
to  the  laws  of  reasoning  in  physical  science.  Now  with  regard  to  the 
former  of  these  opinions,  I  can  perceive  but  two  facts  in  support  of  it. 
The  first  of  these  is  supposed  to  afford  a  sort  of  synthetical  proof : 
it  is  the  instance  of  water  being  required  to  obtain,  by  fire,  the 
whole  of  the  carbonic  acid  from  carbonate  of  baryt.  Here  the  fact, 
if  admitted,  is  true  only  of  carbonic  acid  ;  but  even  in  this  case  it  has 
not  been  shewn  that  the  water  enters  into  the  composition  of  carbonic 
acid ;  and  until  that  is  proved,  it  is  warrantable  to  suppose  that  the 
water  serves  to  disengage  the  carbonic  acid,  by  attracting  and  unit- 
ing with  the  baryt ;  especially  as  this  acid  gas  may  be  wholly  sepa- 
rated from  other  substances  without  the  intermediation  of  water,  and 
as  it  can  be  compounded  by  uniting  the  driest  carbon  to  the  driest 
oxygen  gas.  Further,  although  carbonic  acid  gas  be  very  apt  to 
contain  water,  it  may  be  obtained  in  so  dry  a  state  as  not  to  indicate 
moisture  to  the  most  delicate  tests. 

The  next  fact  affords  a  sort  of  analytical  proof ;  which  is  the  ex- 
istence of  water  in  air  or  gas  in  general,  as  shown  by  muriate  of  lime, 
acetite  of  potash,  sulphuric  add,  quicklime,  potash,  &c.  But  the 
absorption  of  water  by  these  substances  only  shews  that  it  may  be 
suspended  or  dissolved  in  gases ;  but  not  that  it  enters  into  their 
composition.  Gas  may  be  obtained  or  rendered  quite  free  from, 
water,  as  just  said ;  and  as  the  compounds  by  the  combination  of 
the  gases  with  various  different  substances  are  quite  different  from 
the  compounds  by  the  combination  of  water  with  the  same  various 
different  substances,  there  does  not  appear  to  be  in  this  case  any  ad- 
missible evidence  of  water  being  an  essential  constituent  substance 
in  the  composition  of  gases. 

The  experiments  of  separating  oxygen  and  nitrogen  gas  from  wa- 
ter by  boiling,  and  by  exposing  it  in  vacuo  and  applying  caloric, 
only  shew  how  much  more  tenaciously,  and  in  how  much  greater 
quantity,  these  gases  are  contained  in  water  than  is  commonly  sup- 
posed ;  for  however  long  a  given  quantity  of  water  yielded  gas, 
so  tliat  there  seemed  no  limit  to  the  quantity,  the  water  which  af- 
forded it  was  still  very  considerably  greater  than  the  weight  or 
quantity  of  gas. 

With  respect  to  the  other  opinion,  that  hydrogen  and  oxygen  gas 
are  compounded  of  a  peculiar  basis  and  caloric,  and  that  water  is 
compounded  of  these  two  bases — 1.  It  has  been  shewn  by  an  expe- 
riment, the  accuracy  of  which  is  not  questionable,  that  when  these 
two  gases  produce  water  by  combustion,  the  amount  of  the  weight 
of  the  water  is  exactly  the  weight  of  the  gases  consumed,  and  that 
no  ponderable  matter  but  water  is  produced  when  nothing  but  the 
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bases  of  these  two  gases  unite ;  but  that  when  other  subatvicet,  sndi 
as  nitrous  acid  and  carbonic  acid,  were  produced,  as  well  as  water,  then 
nitrogen  and  carbon  were  present.     2.  It  has  been  shewn,  that  when 
oxygen  in  a  concrete  state,  as  in  metallic  oxides,  unites  to  the  hydro- 
gen  of  hydrogen  gas,  the  water  thus  compounded  is  equal  in  weight  to 
that  of  the  hydrogen  gas  consumed,  and  the  deficient  weight  of  the 
oxide.    3.  It  appears  that  when  hydrogen  in  a  concrete  state,  as  in 
alcohol,  is  united  to  the  oxygen  of  oxygen  gas,  the  water  compounded 
is  equal  in  weight  to  the  weight  of  the  alcohol  and  oxygen  gas  con- 
sumed, provided  the  addition  be  made  of  the  carbonic  acid  also  pro- 
duced by  the  carbon  of  the  alcohol.     The  carbon  of  alGoh<^  ean 
be  shewn  by  analysis ;  and  its  existence  in  carbonic  acid  can  be 
shewn  both  by  analysis  and  s3mtheBis.     4.  When  water  is  applied  to 
certain  substances,  nothing  but  hydrogen  gas  is  obtained,  and  new 
compounds,  the  constituent  parts  of  which  are  oxygen  and  the  sub- 
stance applied ;  for  these  new  compounds  have  the  same  properties 
as  the  compounds  of  the  same  substances  so  applied  to  water,  and  of 
the  oxygen  of  oxygen  gas.     And  in  these  cases  the  additional  weight 
derived  from  the  water,  together  with  the  weight  of  the  hydrogea 
gas  separated  from  the  water,  is  equal  to  the  water  destroyed.     5.  It 
has  been  rendered  at  least  very  probable,  that  when  oxygen  and 
hydrogen  are  rendered  into  the  gas  state,  they  absorb  or  unite  with 
a  large  quantity  of  caloric,  or  of  both  caloric  and  light.     I  might 
add,  that  besides  the  positive  evidence  just  stated,  there  does  not 
appear  to  be  any  evidence  to  contravene  the  conclusion  that  water  is 
compounded  of  hydrogen  and  oxygen;  and  that  these  gases  are 
compounded  of  a  peculiar  basis,  called  hydrogen  and  oxygen,  united 
to  caloric  :  for  it  would  be  easy  to  show,  but  it  would  be  digressing 
too  far,  that  the  remaining  partisans  of  the  phlogistic  sect  have 
advanced  erroneous  evidence  in  some  cases,  and  in  others  have 
neglected  the  consideration  of  opposing  but  well  authenticsited 
evidence. 

In  the  experiments  contained  in  this  paper  no  support  c^  be 
found  for  the  former  opinion  concerning  water,  and  hydrogen  and 
oxygen  gas;  but  they  confirm  the  latter  opinion.  For,  1.  the 
combustion  of  these  gases,  rendered  perfectly  dry,  afforded  water : 
Exp.  lY.  2.  The  evidence  from  the  process  above  described 
is  peculiar ;  for  no  one  other  process  affords  oxygen  and  hydrogen 
gas  from  water.  In  all  other  processes  for  decompounding  water, 
either  the  decompounding  concrete  substance  receives  something 
from  the  water  applied,  and  at  the  same  time  hydrogen  gas  is  pro* 
duced  ;  as  in  the  instance  of  passing  water  through  a  red  hot  iron 
tube  :  or  the  decompounding  concrete  substance  receives  something 
from  the  water ;  and  this  compound  unites  to  that  in  water,  which 
produces  hydrogen  gas  witlh  calorie  ;  as  in  the  instance  of  applying 
water  to  red  hot  carbon ;  or  two  decompounding  substances  being 
applied,  each  of  them  receives  a  different  thing  from  the  water, 
namely,  hydrogen  and  oxygen.     Hence,  by  die  ptoeesi  ^oft 
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described,  the  objection  is  removed,  that  the  hydrogen  gas  might  be 
separated  from  the  decompounding  substance  itself^  hy  "vrater  taking 
its  place.  3.  The  production  of  hydrogen  and  oxygen  gas,  and  the 
production  of  water  by  the  combustion  of  them,  in  the  above  process, 
afibrd  an  additional  evidence  of  the  decomposition  and  composition 
of  water,  ani  of  hydrogen  and  oxygen  gas  ;  as  the  mode  of  thei^ 
production  by  this  process  is  perfectly  consistent  with  the  rationale 
of  their  production  m  all  other  cases. 

Thus  it  appeals  that  the  g^ndest  discovery  ever  made  in  chemi- 
cal philosophy,  by  an  illustrious  member  of  this  Society,  in  1781, 
has  been  confirmed  by  a  number  of  subsequent  experiments.  The 
body  of  evidence  is  indeed  so  numerous,  and  of  such  a  nature, 
that,  in  the  minds  of  those  who  understand  its  import,  and  who  rely 
on  the  accuracy  of  the  weights  and  measures  employed,  it  produces 
as  much  conviction  concerning  the  composition  of  water  as  can  be 
obtained  by  the  evidence  of  almost  any  other  case  of  composition. 
I  must,  however,  beg  leave  to  protest  against  those  able  philoso- 
phers, who  have  maintained,  that  the  composition  of  water,  and  seve- 
ral gases,  has  received  full  and  complete  demonstration ;  by  such 
unwarrantable  pretensions  their  adversaries  have  obtained  over  them 
some  advantages.  For  in  the  chain  of  causes  «nd  effects  there  are  some 
links  which  cannot  be  explained  by  the  direct  evidence  of  sense ;  and 
there,  in  so  far  as  we  admit  hypotheses,  although  consistent  with 
the  phenomena,  we  may  be  said  to  quit  day-light,  notwithstanding 
we  at  the  next  step  emerge  into  light  derived  from  the  perceptions 
of  sense.  For  instance,  if  I  combine  a  certain  known  weight  of  hy- 
drogen and  oxygen  by  combustion  of  their  gases,  and  produce 
water  equal  in  weight  to  that  of  these  gases ;  and  if  I  again  resolve 
this  water,  by  means  of  the  electric  fire,  or  red  hot  iron,  into  the 
oi:iginal  quantity  of  hydrogen  gas  and  oxygen,  I  cannot  give  the 
full  and  complete  demonstration  of  the  composition  water  and  these 
gases  ;  for,  as  I  proceed  in  the  interpretation,  I  at  length  come  to 
demonstrate  the  noode  of  agency  of  the  particles  of  the  hydrogen 
and  oxygen  gas  on  one  another  when  they  produce  water,  caloric, 
and  light  But  here  I  must  call  in  the  aid  of  the  imagination ;  ac- 
cordingly I  imagine  that  the  gases  consist  of  hydrogen  and  oxygen, 
which  are  ponderable,  united  to  caloric,  and  perhi^  %ht,  which 
are  imponderable ;  that  these  ponderable  particles  nnite  with  one 
another,  and  their  caloric  and  light  are  set  at  liberty.  Now  here  I 
have  not  any  evidence  of  sense :  for  I  cannot  perceive,  by  the  senses, 
the  existence  of  the  composition  of  the  gases  just  stated,  nor  of 
their  decomposition,  and  union  of  their  ponderable  parts.  This 
being  the  case,  other  kinds  of  imponderable  may  unite,  or  escape, 
besides  caloric  and  light ;  consequently  I  cannot  give  the  full  and 
complete  demonstration  in  these  instances.  But  the  same  objections 
may  be  made  to  the  pretensions  to  demonstrate  fully  and  completely 
the  composition  of  sulphate  of  soda,  sulphate  of  pot-ash,  or  any 
double  salt,  perhaps,  whatever :  for  caloric  is  separated,  and  possibly 
xk 
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other  imponderable  matter,  when  these  substances  are  compounded ; 
and  caloric  and  perhaps  other  matter,  may  unite  when  the  sulphuric 
acid  and  alkali  are  disunited. 

Hence  chemistry,  in  its  present  state,  ought  not  to  pretend  to 
vie  with  mathematical  philosophy  in  its  demonstrations.  But  it 
does  not  appear  improbable,  that  the  same  certainty  as  in  mathe- 
matics, may  hereafter  be  attained  in  chemistiy.  We  are  encouraged 
tfto  entertain  this  hope,  from  finding  that  the  art  of  observation,  and 
the  invention  of  artifices  for  rendering  the  properties  of  matter 
evident  to  the  senses,  have  been  proportionate  to  the  advances  of 
knowledge  of  facts ;  as  was  predicted  by  Chancellor  Bacon. 


Experiments  on  the  Chemical  Production  and  Agency  of  Eiectridiy. 
By  William  Hyde  Wollaston,  M.D.,  F.R.S.* 

Notwithstanding  the  power  of  Mr.  Volta's  electric  pile  is  now 
known  to  be  proportional  to  the  disposition  of  one  of  the  metals  to 
be  oxidated  by  tne  fluid  interposed,  a  doubt  has  been  entertained  by 
many  persons,  whether  this  power  arises  from  the  chemical  action 
of  the  fluid  on  the  metal,  or,  on  the  contrary,  whether  the  oxidation 
itself  may  not  be  occasioned  by  electricity  set  in  motion  by  the 
contact  of  metals  that  have  diflerent  conducting  powers. 

That  the  oxidation  of  the  metal  is  the  primary  cause  of  the 
electric  phenomena  observed,  is,  I  think,  to  be  inferred  from  the 
following  experiments,  which  exhibit  the  galvanic  process  reduced 
to  its  most  simple  state. 

Experiment  1.  If  a  piece  of  zinc  and  a  piece  of  silver  have  each 
one  extremitv  immersed  in  the  same  vessel,  containing  sulphuric  or 
muriatic  acid  diluted  with  a  large  quantity  of  water,  the  tine  is 
dissolved,  and  yields  hydrogen  gas  by  decomposition  of  the  water : 
the  silver  not  being  acted  upon  has  no  power  of  decomposing  water ; 
but,  whenever  the  zinc  and  silver  are  made  to  touch,  or  any  metallic 
communication  is  made  between  them,  hydrogen  gas  is  also  formed 
at  the  surface  of  the  silver. 

Any  other  metal  beside  zinc,  which  by  assistance  of  the  acid 
employed  is  capable  of  decomposing  water,  will  succeed  equally,  if 
the  other  wire  consists  of  a  metal  on  which  the  acid  has  no  eflect 

Exp.  2.  If  zinc,  iron,  or  copper,  are  employed  with  gold  in  dilute 
nitric  acid,  nitrous  gas  is  formed  ;  in  the  same  manner,  and  under 
the  same  circumstances,  as  the  hydrogen  gas  in  the  former  experi- 
ment / 

Exp.  3.  Experiments  analogous  to  the  former,  and  equally  simple, 
may  also  be  made  with  many  metallic  solutions.  If,  for  instance, 
the  solution  contains  copper,  it  will  be  precipitated  by  a  piece  of 
iron  and  appear  on  its  surface.  Upon  silver  merely  immersed  in 
the  same  solution,  no  such  effect  is  produced ;  but  as  soon  as  the 

*  ''  PhiloHophical  TraiiiRctions  "  for  1801. 
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two  metals  are  brought  into  contact,  the  silver  receives  a  coating  of 
copper. 

In  the  explanation  of  these  experiments,  it  is  necessary  to  advert 
to  a  point  established  by  means  of  the  electric  pile. 

We  know  that  when  water  is  placed  in  a  circuit  of  conductors  of 
electricity,  between  the  two  extremities  of  a  pile,  if  the  power  is 
sufficient  to  oxidate  one  of  the  wires  of  communication,  the  wire  con- 
nected with  the  opposite  extremity  affords  hydrogen  gas. 

Since  the  extrication  of  hydrogen,  in  this  instance,  is  seen  to  de- 
pend on  electricity,  it  is  probable,  that  in  other  instances,  electricity 
may  be  also  requisite  for  its  conversion  into  gas.  It  would  appear, 
therefore,  that  in  the  solution  of  a  metal,  electricity  is  evolved 
during  the  action  of  the  acid  upon  it;  and  that  the  formation  of 
hydrogen  gas,  even  in  that  case  depends  on  a  transition  of  elec- 
tricity between  the  fluid  and  the  metal. 

We  see,  moreover,  in  the  first  experiment,  that  the  zinc,  without 
contact  of  any  other  metal,  has  the  power  of  decomposing  water ; 
and  we  can  have  no  reason  to  suppose  that  the  contact  of  the  silver 
produces  any  new  power,  but  that  it  serves  merely  as  a  conductor  of 
electricity,  and  thereby  occasions  the  formation  of  hydrogen  gas. 

In  the  third  experiment  also,  the  iron  by  itself  has  the  power  of 
precipitating  copper,  by  means,  I  presume,  of  electricity  evolved 
during  its  solution  ;  and  here  likewise  the  silver,  by  conducting  that 
electricity,  acquires  the  power  of  precipitating  the  copper  in  its 
metallic  state. 

The  explanation  here  given  receives  additional  confirmation  from 
comparative  experiments  which  I  have  made  with  common  electricity; 
for  it  will  be  seen,  that  the  same  transfer  of  chemical  power,  and  the 
same  apparent  reversion  of  the  usual  order  of  chemical  affinities  in 
the  precipitation  of  copper  by  silver,  may  be  effected  by  a  common 
electrical  machine. 

The  machine  with  which  the  following  experiments  were  con- 
ducted, consists  of  a  cylinder  seven  inches  in  diameter,  with  a  con- 
ductor on  each  side,  sixteen  inches  long,  and  three  and  a  half  inches 
diameter,  each  furnished  with  a  sliding  electrometer,  to  regulate  the 
strength  of  the  spark  received  from  them. 

Exp.  4.  Having  a  wire  of  fine  silver  y^  of  an  inch  in  diameter, 
I  coated  the  middle  of  it  for  two  or  three  inches  with  sealing-wax, 
and  by  cutting  through  in  the  middle  of  the  wax,  exposed  a  section 
of  the  wire.  The  two  coated  extremities  of  the  wire  thus  divided, 
were  immersed  in  a  solution  of  sulphate  of  copper,  placed  in  an 
electric  circuit  between  the  two  conductors ;  and  sparks,  taken  at 
•f^  of  an  inch  distance,  were  passed  by  means  oi  them  through  the 
solution.  After  100  turns  of  the  machine,  the  wire  which  com- 
municated with  (what  is  called)  the  negative  conductor,  had  a 
precipitate  formed  on  its  surface,  which,  upon  being  burnished,  was 
evidently  copper ;  but  the  opposite  wire  had  no  such  coating. 

Upon  reversing  the  direction  of  the  current  of  electricity,  the 
order  of  the  phenomena  was  of  course  reversed ;  the  copper  being 
xk  2 
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shortly  re-dissolved  by  the  assistance  of  the  oxidating  power  of  poA- 
tive  electricity,  and  a  similar  precipitate  formed  on  the  opposite 
wire. 

Exp,  5.  A  similar  experiment  made  with  gold  wires  -^iv  of  an 
inch  in  diameter,  in  a  solution  of  corrosive  sublimate,  had  the  same 
success. 

The  chemical  agency,  therefore,  of  common  electricity,  is  thns 
proved  to  be  the  same  with  the  power  excited  by  chemical  means ; 
but,  since  a  difference  has  been  observed  in  the  comparative  facility 
with  which  the  pile  of  Volta  decomposes  water,  and  produces  other 
effects  of  oxidation  and  de-oxidation  of  the  bodies  exposed  to  its 
action,  I  have  been  at  some  pains  to  remove  this  difficulty,  and  can 
at  least  produce  a  very  close  imitation  of  the  galvanic  phenomena 
by  common  electricity. 

It  has  been  thought  necessary  to  employ  powerful  machines,  and 
large  Leyden  jars,  for  the  decomposition  of  water ;  but  when  1  con- 
sidered that  the  decomposition  must  depend  on  duly  proportioning 
the  strength  of  the  charge  of  electricity  to  the  quantity  of  water, 
and  that  the  quantity  exposed  to  its  action  at  the  surface  of  commu- 
nication depends  on  the  extent  of  that  surface,  I  hoped  that,  by 
reducing  the  surface  of  communication,  the  decomposition  of  water 
might  be  effected  by  smaller  machines,  and  with  less  powerful  exci- 
tation than  have  hitherto  been  used  for  that  purpose ;  and  in  this 
hope  I  have  not  been  disappointed. 

Exp,  6.  Having  procured  a  small  wire  of  fine  gold,  and  given  it 
as  fine  a  point  as  1  could,  I  inserted  it  into  a  capillary  glass  tube ; 
and  after  heating  the  tube,  so  as  to  make  it  adhere  to  the  point  and 
cover  it  in  every  part,  I  gradually  ground  it  down,  till  with  a  pocket 
lens,  I  could  discern  that  the  point  of  the  gold  was  exposed. 

The  success  of  this  method  exceeding  my  expectations  I  coated 
several  wires  in  the  same  manner,  and  found  that  when  sparks 
from  the  conductors  before  mentioned  were  made  to  pass  through 
water  by  means  of  a  point  so  guarded,  a  spark  passing  to  the 
distance  of  one-eighth  of  an  inch  would  decompose  water,  when 
the  point  exposed  did  not  exceed  y^^  of  an  inch  in  diameter.  Widi 
another  point,  which  I  estimated  at  i-^py,  a  succession  of  sparks  -^ 
of  an  inch  in  length,  afforded  a  current  of  small  bubbles  of  air. 

I  have  since  found  tliat  the  same  apparatus  will  decompose  water, 
with  a  wire  -^  of  an  inch  diameter,  coated  in  the  manner  before 
described,  if  the  spark  from  the  prime  conductor  passes  to  the 
distance  of  -^  of  an  inch  of  air. 

Exp,  7.  In  order  to  try  how  far  the  strength  of  the  electric  spark 
might  be  reduced  by  proportional  diminution  of  the  extremity  of 
the  wire,  I  passed  a  solution  of  gold  in  aqwa  regia  through  a  capillary 
tube,  and,  by  heating  the  tube  expelled  the  acid.  There  remained 
a  thin  film  of  ^old,  lining  the  inner  surface  of  the  tube,  which,  by 
melting  the  tube,  was  converted  into  a  very  fine  thread  of  gold, 
through  the  substance  of  the  glass. 

When  the  extremity  of  this  thread  was  made  the  medium  of 
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conunuoicatioD  through  water,  I  found  that  the  mere  current  of 
electricity  would  occasion  a  stream  of  very  small  bubbles  to  rise 
from  the  extremity  of  the  gold,  although  the  wire  by  which  it 
communicated  with  the  positive  or  negative  conductor,  was  placed 
in  absolute  contact  with  them.  Hence  it  appears,  that  decomposition 
of  water  may  take  place  by  common  electricity  as  well  as  by  the 
electric  pile,  ahhougn  no  discernible  sparks  are  produced. 

The  appearance  of  two  currents  of  air  may  also  be  imitated,  by 
occasioning  the  electricity  to  pass  by  fine  points  of  communication 
on  both  sides  of  the  water ;  but,  in  fact,  the  resemblance  is  not 
complete ;  for,  in  every  way  in  which  I  have  tried  it«  I  observed  that 
each  wire  gave  both  oxygen  and  hydrogen  gas,  instead  of  their 
being  formed  separately,  as  by  the  electric  pile. 

1  am  inclined  to  attribute  the  difference  in  this  respect  to  the 
the  greater  intensity  with  which  it  is  necessary  to  employ  commmi 
electricity ;  for,  that  positive  and  negative  electricity,  so  excited, 
have  each  the  same  chemical  power  as  they  are  observed  to  have  in 
the  electric  pile,  may  be  ascertained  by  other  means. 

In  the  precipitation  of  copper  by  silver,  an  instance  of  de-oxidation 
(or  phlogistication)  by  negative  electricity  has  been  mentioned ;  the 
oxidating  power  of  positive  electricity  may  be  also  proved,  by  its 
effect  on  vegetable  blue  colours. 

Exp.  8.  Having  coloured  a  card  with  a  strong  infusion  of  litmus, 
I  passed  a  current  of  electric  sparks  along  it,  by  means  of  two  fine 
gold  points,  touching  it  at  the  distance  of  an  inch  from  each  other. 
The  effect,  as  in  other  cases,  depending  on  the  smallness  of  the 

Suantity  of  water,  was  most  discernible  when  the  card  was  nearly 
ry.  In  this  state  a  very  few  turns  of  the  machine  were  sufficient  to 
occasion  a  redness  at  the  positive  wire,  very  manifest  to  the  naked 
eye.  The  negative  wire,  being  aflei*wards  placed  on  the  same  spot, 
soon  restored  it  to  its  original  blue  colour. 

By  Mr.  Volta's  apparatus  the  same  effects  are  produced  in  a  much 
less  time. 

Besides  the  similarity  which  has  thus  been  traced  between  the 
effects  of  electricity  excited  by  the  common  machine,  and  those 
observed  from  the  electric  pile,  I  think  it  appears  also  probable,  that 
they  originate  from  the  same  source. 

With  regard  to  the  latter,  its  power  is  now  known  to  depend  on 
oxidation  ;  so  also  does  the  excitement  in  the  former  appear  very 
much  to  depend  on  the  same  process ;  for — 

Exp.  9.  I  have  found  that,  by  using  ah  amalgam  of  silver  or 
of  platina,  which  are  not  liable  to  be  oxidated,  1  could  obtain  no  elec- 
tricity. An  amaltcam  of  tin  on  the  contrary  affords  a  good  degree 
of  excitement  Zinc  acts  still  better ;  but  the  best  amalgam  is 
made  with  both  tin  and  zinc,  a  mixture  which  is  more  easily  oxi- 
dated than  either  metal  separately. 

Exp.  10.  But,  as  a  farther  trial  whether  oxidation  assists  in  the 
production  of  electricity,  I  mounted  a  small  cylinder,  with  its  cushion 
and  conductor,  in  a  vessel  so  contrived,  thai  I  could  at  pleasure 
change  the  contained  air. 


522  On  the  Irritation  caused  by 

AlW  trying  the  degree  of  excitement  in  common  air,  I  substi- 
tuted carbonic  gas,  and  found  that  the  excitement  was  immediately 
destroyed,  but  that  it  returned  upon  re-admission  of  atmospheric  air. 

In  conformity  to  this  hypothesis,  we  find  that  the  metal  oxidated 
is,  in  each  case,  iu  a  similar  state  of  electricity ;  for  the  coshioo  of 
the  machine,  by  oxidation  of  the  amalgam  adhering  to  it,  bccoBMaa 
negative;  and  in  the  former  manner,,  zinc,  oxidated  by  the  accu- 
mulated power  of  an  electric  pile,  or  simply  by  action  of  an  acid,  is 
also  negative. 

This  similarity  in  the  means  by  which  both  electricity  and  gal- 
vanism appear  to  be  excited,  in  addition  to  the  resemblance  that  has 
been  traced  between  their  efTects,  shews  that  they  are  both  essentially 
the  same,  and  confirms  an  opinion  that  has  already  been  advanced 
by  otbe^  that  all  the  differences  discoverable  in  the  effects  of  the 
latter,  may  be  owing  to  its  being  less  intense,  but  produced  in  a  much 
lai*ger  quantity. 


Extract  of  a  Letter  from  M.  Humboldt  to  M.  Blumenbach,  con- 
taining new  Experiments  on  the  Irritation  cattsed  by  the  Metals 
with  respect  to  their  different  Impressions  on  the  Organs  of  Animals.* 

M.  Humboldt  is  one  of  the  philosophers  who  has  made  the 
most  numerous  observations  on  the  phenomenon  discovered  by  Gal- 
vani,  concerning  the  irritability  produced  by  the  contact  of  different 
metals  with  the  parts  of  animals  in  which  the  principle  of  life  is  ap- 
parently extinguished.  As  long  agoas  the  year  1795,  he  observed 
that  the  animal  irritability  was  augmented  by  the  oxygenated  muri- 
atic acid.  Not  having  discontinued  his  attention  to  this  object,  the 
perusal  of  the  physiological  writings  of  Reil,  and  his  correspondence 
with  Scarpa  and  Volta,  afforded  him  indications  for  new  enquiries, 
of  which  he  has  occasionally  had  the  courage  to  make  himself  the 
subject. 

**  In  a  conversation,"  says  he,  *'  vnth  M.  Scarpa,  at  Pavia,  on  the 
effects  which  galvanism  produced  upon  myself,  i\othing  surprised 
him  more  than  the  appearance  of  a  lymphatic  and  serous  humour  on 
my  back.  '  What  can  be  the  nature,'  said  he,  *  of  this  stimulant, 
which  in  a  few  instants  changes  the  nature  of  the  vessels  to  such  a 
degree  as  to  cause  them  to  prepare  humours,  which,  the  instant  they 
touch  they  epidermis,  excite  inflammation,  and  mark  their  course 
by  a  redness  which  lasts  for  whole  hours  V  "  M.  Humboldt  pro- 
mised to  repeat  the  experiment ;  and  the  account  he  gives  of  the 
facts  constitutes  one  of  the  most  interesting  articles  in  his  letter. 

For  this  purpose  he  caused  two  blistering  plasters  to  be  applied 
on  the  deltoid  muscle  of  both  shoulders.  When  the  left  blister  was 
opened,  a  liquor  flowed  out  which  left  no  other  appearance  on  the 

*  From  GrvD's  *^  Journal  of  Natural  Philoiophy." 
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skin  than  a  slight  varnish,  which  disappeared  by  washing.  The 
wound  was  afterwards  left  to  dry  up :  this  precaution  was  necessary, 
in  order  that  the  acrid  humour  which  the  galvanic  irritation  would 
produce  might  not  be  attributed  to  the  idiosyncrisis  of  the  vessels. 
This  painful  operation  was  scarcely  commenced  on  the  wound,  by 
the  application  of  zinc  and  silver,  before  the  serous  humour  was 
discharged  in  abundance  :  its  colour  became  visibly  dark  in  a  few 
seconds,  and  left  on  the  parts  of  the  skin  where  it  passed,  traces  of 
a  brown  inflamed  red.  This  humour  having  descended  towards  the 
pit  of  the  stomach,  and  stopped  there,  caused  a  redness  of  more 
than  an  inch  in  surface.  The  humour,  when  traced  along  the 
epidermis^  left  stains,  which  after  having  been  washed,  appeared  of 
a  blueish  red.  The  inflamed  places  having  been  imprudently 
washed  with  cold  water,  increased  so  much  in  colour  and  extent, 
that  M.  Humboldt,  as  well  as  his  physician  Dr.  Schalleru,  who  as- 
sisted at  these  experiments,  entertained  some  apprehension  for  the 
consequences. 

M.  Humboldt  has  not  undertaken  to  determine  the  nature  of  the 
fluid  which  produces  such  astonishing  effects ;  but  he  applies  him- 
self to  circumscribe  the  phenomena  in  the  real  circumstances  which 
produce  them.  He  judiciously  varies  the  preparations,  and  carefolly 
notes  all  the  results  ;  being  persuaded  that  the  cause  of  galvanism 
cannot  be  explored  with  success,  but  by  observing  the  proportions 
in  which  the  chain  of  metals  either  irritates  or  has  no  effect :  and 
to  extend  still  more  this  vast  field  of  observation,  he  employs  various 
means  to  raise  or  diminish  the  irritable  capacity  of  the  animal 
organs. 

What  is  the  sensation  which  the  galvanic  irritation  produces  ? 
M.  Humboldt  has  discussed  this  question.  "No  one,*'  says  he, 
*'  can  speak  more  decidedly  on  this  subject  than  myself,  having  made 
several  experiments  on  my  own  person,  the  seat  of  which,  in  some 
instances,  was  the  socket  of  a  tooth  which  I  had  caused  to  be  ex- 
tracted ;  in  others,  certain  wounds  which  I  made  in  my  hand ;  and 
in  others,  the  excoriations  produced  by  four  blistering  plasters." 
The  following  is  his  answer : — 

The  galvanic  irritation  is  always  painful,  and  the  more  so  in  pro- 
portion as  the  irritated  part  is  more  injured,  and  the  time  of  irritation 
more  prolonged.  The  first  strokes  are  felt  but  slighUy ;  the  five 
or  six  following  are  much  more  sensible,  and  even  scarcely  to  be 
endured,  until  the  irritated  nerve  becomes  insensible  from  continued 
stimulus.  The  sensation  does  not  at  all  resemble  that  which  is 
caused  by  the  electric  commotion  and  the  electric  bath  ;  it  is  a  pe- 
culiar kind  of  pain,  which  is  neither  sharp,  pungent,  penetrating, 
nor  b}  intermissions,  like  that  which  is  caused  by  the  electric  fluid.. 
We  may  distinguish  a  violent  stroke,  a  regular  pressure,  accom- 
panied by  an  unintermitting  glow,  which  is  incomparably  more 
active  when  the  woimd  is  covered  with  a  plate  of  silver,  and  irritated 
by  a  rod  of  zinc,  than  when  the  plate  of  zinc  is  placed  on  the  wound, 
and  the  silver  pincers  are  used  to  establish  the  communication. 
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When  the  communicatiou  is  made  by  the  contact  of  the  epider- 
mis, it  produces  no  effect ;  it  appears  to  insulate  like  glass,  when 
interposed  between  the  wound  and  the  metal ;  but  if  the  sldn  be 
removed,  by  making  two  wounds  at  eight  inches  distance,  and  a 
plate  of  zinc  be  placed  on  one  of  them,  and  on  the  other  a  leg  of  a 
frog  prepaied,  this  last  is  seen  to  contract  itself  when  it  communi- 
cates with  the  zinc  by  the  silver  wire,  which  proves  that  the  gal- 
vanic fluid  there  passes  beneath  the  epidermis. 

This  fluid  produced  in  some  circumstances  a  very  soisible  acid 
taste.  The  two  wounds  of  M.  Humboldt  having  been  covered,  one 
with  silver,  the  other  with  zinc,  an  iron  wire  of  several  feet  in 
length,  attached  to  the  zinc,  was  conveyed  between  his  upper  Kp 
and  the  spongy  substance  of  the  teeth,  and  thenoe  to  the  tongue  of 
another  person.  When  the  iron  wire  was  made  to  touch  the  silver, 
a  strong  contraction  of  the  scapular  muscle  took  place,  and  at  the 
same  instant  the  person  whose  tongue  formed  part  of  the  chain  of 
conmiunication  perceived  the  sensation  of  acidity.  There  are  also 
cases  in  which  the  fluid  acts  on  the  organs  of  taste  without  pro- 
ducing any  sensible  effect  on  the  CMrgans  of  motion  :  such  ia  that 
where  the  epidermis  serves  as  the  conductor  from  zinc  to  the  frog ; 
for  there  is  not  then  any  contraction,  but  merely  an  acid  taste  on 
the  tongue. 

The  author,  having  learned  from  M.  Volta  that  he  employed  the 
solution  of  potash  (oleum  tartari  per  deUquium)^  in  order  to  augment 
the  eonducting  power,  availed  himself  successfully  of  this  means 
to  raise  the  capacity  of  the  animal^  organs.  He  moistened  one  of 
his  wounds  with  this  liquor,  which  produced  little  pain ;  but  the 
galvanic  irritation  was  more  violent,  and  accompanied  with  more 
heat ;  sparks  appeared  and  disappeared  before  his  eyes  ;  the  tongue 
moistened  with  the  same,  distinctly  perceived  the  acid  sensation, 
although  the  communication  was  established  only  between  zinc  and 
zinc.  The  thigh  of  the  frog,  moistened  with  the  alkaline  solution 
and  laid  upon  a  plate  of  ^ass,  without  touching  either  metal  or  car- 
bonic matter,  fell  of  itself  into  violent  convulsiona,  the  antagonist 
muscles  of  the  legs  and  toes  being  incessantly  agitated.  Irritability 
has  been  re-established  by  this  application  in  the  animal  parts,  where 
it  had  been  extinguished  by  warm  solutions  of  the  oxide  of  arsenic. 
Lastly,  the  irritation  (which  does  not  commonly  take  place  when  the 
nerve  and  the  muscle  are  armed  with  the  same  metal,  the  different 
metals  being  between  the  coatings),  becomes  manifest  after  this 
preparation ;  which  seems  to  indicate  that  the  alkali  not  only  irri- 
tates the  nerve,  but  likewise  adds  to  its  irritability. 

The  author  applied  this  method  to  amphibious  animals,  which  he 
roused  from  their  winter  sleep,  and  in  which  he  perceived  a  pecu- 
liar symptom  of  irritability. 

These  observations  led  him  to  distinguish  two  states  of  the  animal 
organ.  The  first,  of  irritability  naturally  or  artificially  raised  or 
excited ;  the  second,  irritability  in  a  less  degree.     These  two  states, 
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which  he  calls  positive  and  negative^  are  merely,  as  he  remarks,  dif- 
ferent degrees,  and  not  phenomena  absolutely  distinct  from  each 
other. 

In  individuals  naturally  sensible,  the  effects  produced  by  alkaline 
solutions,  by  the  oxygenated  muriatic  acid,  by  the  solution  of  oxide 
of  arsenic,  are  very  rarely  of  the  same  intensity. 

In  the  case  of  increased  irritability,  muscular  motions  are  observed 
without  metal  or  carbonic  matter.  They  may  be  obtained  with 
metals,  though  without  communication  between  the  nerve  and  the 
muscle ;  that  is  to  say,  without  the  regular  connection  or  chain. 
They  may  be  also  obtained  by  forming  the  chain  of  similar  metals. 

Let  the  crural  nerve  of  an  animal  natorally  tenacious  of  life  be 
placed  upon  glass.  Let  a  small  piece  of  fresh  muscular  flesh  be 
fixed  on  a  stick  of  sealing-wax,  and  then  brought  into  contact  with 
the  crural  muscle.  The  result  will  be  a  violent  convulsion  at  the 
instant  when  the  chain  of  communication  is  completed.  The  same 
thing  happens  if,  instead  of  the  small  piece  of  muscular  flesh,  a  de- 
tached piece  of  die  crural  nerve  be  fixed  on  the  stick  of  sealing-wax. 
The  connection  is  therefore  formed  of  two  things,  nerve  and  mus- 
cular fibre.  How  in  this  simple  case  can  the  fiuid  which  passes  from 
the  nerve  into  the  muscle  cause  it  to  be  contracted  ?  M.  Humboldt 
thinks  that  it  becomes  stimulant,  merely  because  it  returns  from  the 
nerve  into  the  nerve  by  a  foreign  animal  matter ;  that  is  to  say,  not 
organically  connected  with  the  nerve. 

The  disparity  of  the  metals  forming  the  chain  has  hitherto  ap- 
peared as  a  necessary  condition  to  produce  galvanic  irritation.  This 
hypothesis,  however,  is  overturned  by  the  experiments  of  M.  Hum- 
boldt. If  it  be  true  that,  in  the  state  of  less  irritability,  there  is 
very  rarely  contraction  with  similar  metals  (as  Volta  affirms,  con- 
trary to  Aldini),  this  circumstance  becomes  indifferent  in  the  case  of 
increased  irritability.  M.  Humboldt  put  into  a  china  cup  some 
mercury  exactly  purified ;  he  placed  the  whole  near  a  warm  stove, 
in  order  that  the  entire  mass  might  assume  an  equal  temperature : 
the  surface  was  clear,  without  the  appearance  of  oxidation,  humidity, 
or  dust.  A  thigh  of  a  frog,  prepared  in  such  a  manner  that  a  crural 
nerve  and  a  bundle  of  muscular  fibres  of  the  same  length  hung 
down  separately,  was  suspended  by  two  silken  threads  above  the 
mercury.  When  the  nerve  alone  touched  the  surface  of  the  metal, 
no  irritation  was  manifested  ;  but  as  soon  as  the  muscular  bundle 
and  the  nerve  touched  the  mercury  together,  they  feU  into  convul- 
sions so  brisk  that  the  skin  was  extended  as  in  an  attack  of  tetanus. 

We  ought  not  to  be  surprised  at  the  precaution  here  taken  by  M. 
Humboldt  to  heat  the  mercury.     This  is  required  in  consequence  of 
the  opinion  which  he  announces,  that  the  parity  of  the  metals  does 
not  depend  on  the  homogeneity  of  their  chemieal  e<MMtituent  parts, 
but  of  their  heat,  polish,  hardness,  and  force. 

Gold,  placed  between  two  annatures  of  zinc,  produces  irritation 
only  when  the  gold  is  moistened  by  some  volatile  fluid,  or  by  the 
moisture  of  respiration. 


Positive  caies. 
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Lastly,  M.  Humboldt  has  attempted  to  include  all  the  cases  in 
the  following  formula: — 

1.  In  the  State  of  Increased  Irritability. 

Frog — muscular  flesh. 
Frog — zinc — sine. 
Frog — zinc — muscular  flesh — silver. 
Frog — zinc — silver — ^zinc. 
Frog — muscular  flesh — silver — zinc. 
Frog — ^zinc — muscular  flesh — silver — moacular 
flesh — ^zinc. 

2.  In  the  State  of  Diminished  Irritability. 

/'Frog — zinc — silver. 

u    .^.  )  Frog — zinc — muscular  flesh — silver — zinc. 

Positive  cases.  <  r*    ®       .  i     /•    u      -i  ^ 

\  Frog — zinc — muscular  flesh — silver — muscular 

V^  flesh — silver — zinc. 

TFrog — zinc — zinc. 
Negative  cases.  <  Frog — zinc — muscular  flesh — silver. 

(^Frog — ^zinc — muscular  flesh — silver — zinc. 

M.  Humboldt  finished  this  letter  by  some  observations  which  he 
has  coUected  in  the  course  of  his  experiments  on  the  sthenic  or 
asthenic  virtue  of  chemical  agents  ;  that  is  to  say,  their  energy  or 
their  inefficacy  to  produce  irritation.  Alkalis  appear  to  be  to  the  sen« 
sible  fibres  what  acids  are  to  muscular  groups.  The  muriatic  acid 
augments  the  irritability  of  the  muscle  while  it  extinguishes  that 
of  the  nerves,  Which  does  not  re-appear  even  after  the  acid  has  been 
saturated  with  alkali. 

J3y  continuing  to  bathe  the  nerve  with  an  alkaline  solution,  an 
entire  atony  is  at  length  produced  by  excess  of  irritation ;  but  if  a 
few  drops  of  muriatic  acid  be  left  on  the  part,  the  irritability  is  re- 
established. 

A  thigh  of  a  frog,  irritated  even  to  total  relaxation  by  a  warm 
solution  of  oxide  of  arsenic,  has  exhibited  new  convulsions  after 
having  been  immersed  for  two  minutes  in  a  solution  of  potash. 

The  sthenic  virtue  of  the  oxygenated  muriatic  acid  is  not  less 
remarkable.  Thighs  of  frogs  naturally  flaccid,  and  weakened  still 
more  by  the  galvanic  process  for  seven  hours,  which  afforded  no 
sign  of  motion  when  silver  served  as  a  conductor  between  zinc  and 
the  nerve,  exhibited  violent  contractions  when  the  nerve  was  mois- 
tened with  oxygenated  muriatic  acid.  The  author  refers  to  this 
subject  the  experiment  which  he  published  in  1793,  in  his  Flora 
FribergensiSf  by  which  it  is  ascertained  that  ordinary  muriatic  acid 
retards  the  germination  of  plants,  but  that  oxygenated  muriatic  acid 
had  caused  a  plant  to  germinate  in  seven  hours,  which  required 
thirty-eight  in  pure  water  in  order  to  arrive  at  the  same  develop- 
ment This  fact  appears  to  him  to  indicate  some  relation  between 
the  vegetable  and  animal  organization. 
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Account  of  certain  remarkable  Changes  of  Colour  and  Direction  of 

Clouds  during  a  Thunder  Storm.* 

Among  other  circamstances  enumerated  by  Dr.  Priestley  in  the 
description  of  the  clouds  in  a  thunder  storm,  in  his  "  History  of 
Electricity/'  mention  is  made  of  a  certain  luminous  appearance, 
evidently  independent  of  solar  reflection.  I  have  always  supposed 
this  expression  to  denote  the  opaque  whiteness  of  the  upper  or 
arched  outline  of  certain  thunder  clouds,  contrasted  with  others  ap- 
parently in  coutact  with  them,  but  of  a  dull  leaden  hue ;  and  ac- 
cordingly I  was  disposed  to  conclude  that  the  whole  was  an  optical 
delusion,  arising  from  the  position  of  the  spectator,  who  imagined, 
though  falsely,  that  the  latter  clouds  were  as  much  exposed  to  th^ 
sun's  direct  light  as  the  former.  But  the  storm  which  happened 
on  Sunday  morning,  the  dOth  July  last,  exhibited  facts  which  seem 
to  show  that  the  transition  of  electricity  may  cause  the  clouds  to 
emit  a  steady  permanent  light,  very  different  from  the  sudden  flash 
called  lightning. 

I  was  called  at  five  o'clock  in  the  morning.  The  sky  was  then 
covered  with  clouds,  not  very  dense  except  to  the  south,  and  flying 
with  great  rapidity  to  the  W.  by  S.,  or  W.S.W.   It  lightened  very  fre- 

auently  in  the  N.W.  and  S.W.  quarters,  by  doubled  and  trebled 
ashes  of  a  bright  illumination  (for  the  actual  flash  was  not  seen), 
with  very  loud  thunder,  usually  at  the  interval  of  eleven  or  twelve 
seconds  after  the  flash.  The  lower  prominences,  or  ragged  extre- 
mities of  the  clouds,  were  constantly  tinged  with  red,  and  I  was 
informed  that  they  had  been  very  much  redder  before  I  got  up. 

At  about  ten  minutes  after  five,  no  rain  having  fallen,  but  a  few 
heavy  drops,  a  sudden  darkness  came  on,  and  the  dust  rose  in 
Newman-street,  where  I  reside,  beginning  at  the  south  end,  about 
250  yards  distant  from  my  house,  and  proceeding  to  the  north.  It 
was  very  dense,  and  rose  to  the  height  of  about  sixty  feet  by  esti- 
mate, which  is  much  higher  than  the  houses  in  the  street.  At  about 
a  quarter  past  five,  the  darkness  being  then  greatest,  the  houses  on 
the  opposite  side  of  the  street  appeared  as  if  seen  through  a  deep 
blue  glass,  particularly  the  white  stone  work  above  the  windows  ; 
and  upon  looking  upwards,  the  clouds  were  seen  of  a  deep  leaden 
blue  colour,  and  moving  swiftly  in  a  direction  precisely  opposite  to 
that  before  observed,  namely,  to  the  E.  by  N.,  or  E.N.E.  Soon 
afterwards,  the  lightning  and  thunder  continuing  during  the  whole 
of  these  changes,  there  fell  a  heavy  shower,  which  beat  against  the 
western  face  of  the  house,  and  the  darkness  gradually  went  ofif.  At 
half-past  five  the  clouds  were  much  higher,  and  moved  with  a 
moderate  angular  motion  to  the  north,  while  the  smoke  of  a  chimney 
opposite  my  window  was  gently  driven  to  the  south. 

We  have  yet  much  to  learn  concerning  the  theory  of  thunder- 

•  '•  Nicholson's  Journal." 
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storms.  It  is  well  known  by  experiments  with  the  electrical  doubter^* 
that  almost  all  bodies  possess  a  certain  degree  of  electrization,  which 
is  variable  from  a  considerable  number  of  circumstances.  It  is  also 
known  from  Franklin's  experiments  of  the  can  and  chain,  as  well 
as  from  numerous  other  facts,  that  the  intensity  of  the  electric  stale 
will  be  augmented  by  diminishing  the  surfaces  of  bodies.  In  this 
way,  as  well  as  from  other  causes,  it  is  inferred  that  clouds  become 
highly  electrified  during  the  progress  of  their  condensation  ;  so  that 
flashes  of  lightning  pass  between  them  and  the  earth,  and  between 
each  other.  Prom  other  observations  and  deductions,  it  has  been 
also  rendered  highly  probable  that  the  long  range  of  clouds  in  a 
storm  of  this  nature  does  serve  as  a  conductor,  through  which 
flashes  of  electric  fire  are  conveyed  from  one  part  of  the  earth  to 
another  part  in  a  different  state.  The  facts  above  described 
seem  uncommon,  and,  if  collated  with  other  more  usual  events,  may 
afford  some  instruction  concerning  this  class  of  phenomena.  1  do 
not  highly  esteem  the  conjectures  which  present  tliemselves  to  me 
on  this  occasion ;  but  shall  communicate  them,  because  they  tend 
to  point  out  future  objects  of  research. 

The  singularity  of  this  thunder  storm  appears  to  have  arisen 
from  the  mass  of  aqueous  vapour  having  been  much  too  small  to 
afford  a  favourable  communication  between  the  two  opposite  states 
of  electricity  on  the  surface  of  the  earth.  If  the  mass  of  clouds  be 
supposed  to  have  been  at  first  near  the  eastern  portion  of  the  earth, 
and  to  have  become  electrified  and  repelled,  they  would,  on  the 
common  principle  of  bodies  in  that  state,  be  repelled,  and  pass  swiAly 
to  the  western  part  of  the  surface  to  deposit  their  electricity,  as 
soon  as  they  came  within  the  striking  distance.  In  this  situation, 
it  may  be  imagined  that  the  supply  or  communication  might  con- 
tinue to  be  made  by  the  eastern  part  of  the  cloud  acting  In  the 
manner  of  a  point,  while  the  western  part  emitted  flashes ;  a  suppo- 
sition which  is  rendered  more  probable  by  the  consideration  that 
most  thunder  clouds  are  ragged  or  pointed  on  one  side,  and  round 
or  swelled  on  the  other;  and  also  that  the  disposition  of  any  con- 
ductor to  receive  electricity  without  explosion  is  much  greater  than 
to  give  silently,  even  when  the  terminations  are  alike.  I  conjecture, 
therefore,  that  the  lightning  came  from  the  east,  and  passed  through 
the  clouds  to  the  west ;  that  the  posterior  extremities  of  the  clouds 
wero  illuminated  as  points  usually  are  ;  that  the  electric  motion  of 
these  low  clouds  at  first  caused  an  Easterly  wind ;  that  some  change 
in  the  general  state  of  electricity,  or  perhaps  the  mere  exhausted  state 
of  the  clouds,  caused  them  to  pass  rapidly  back  to  the  original  reser- 
voir, as  in  the  most  common  experiments  of  electricity  ;  that  this 
return  produced  first  a  strong  eddy  in  the  lower  air,  which  threw  up 
the  dust,  and  afterwards  a  contrary  stream  of  wind,  by  which  the 
rain  was  beaten  against  the  west  front  of  the  house.    But  why  the 

*  "  New  Experiments  on  Electricity."   By  the  Rev.  A.  Bennet,  F.R.S.,  8vo, 
London. 
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clouds  riioold  have  been  illuminated  with  a  red  colour  during  Uieir 
western  courso,  and  ailerwards  with  blue,  does  not  seem  deducible 
from  any  facts  I  know  of.  It  may  perhaps  be  analogous  Co  the 
colours  of  the  aurora  borealis.  The  contrary  lower  current,  when 
the  clouds  were  removing  to  the  north,  seeoks  to  have  been  a  natural 
consequence  of  their  remoteness.  It  is  probable  that  the  returning 
current  of  the  air,  which  must  have  been  driven  before  the  mass  of 
clouds  when  they  were  moving  very  near  the  earth,  took  place  en- 
tirely in  the  upper  part  of  the  air,  where,  in  that  case,  there  was 
more  room. 


Oft  an  Aurora  Bore<Uis  seen  at  Woolwich,  December,  22,   1834. 

By  William  Sturgeon. 

A  BEAUTIFUL  aurors  borealis  was  seen  from  this  place  last  night. 
I  was  on  Woolwich  Common  when  I  first  saw  it,  then  exactly  six 
o'clock.     It  consisted  of  several  groups  of  vertical  beams  of  pale 
yellowish  light  on  both  sides  of  the  north  star,  extending  nearly 
to  equal  distances  on  the  western  and  eastern  directions.     These 
beams  presented  the  strongest  light  at  their  bases,  and  grew  gra- 
dually fainter,  to  their  superior  extremities,  where  they  softened 
and  gently  glided  into  the  most  attenuated  light,  and  were  lost  at 
various  altitudes,  some  of  which  were  near  to  the  zenith.     These 
streamers  soon  faded,  and  gave  place  to  a  few  straggling  vertical 
corruscations,  displayed  in  various  parts  of  the  northern  sky,  which 
in  their  turn  were  again  succeeded  by  the  finest  streamers  I  ever 
beheld.     It  was  now  five  minutes  past  six.     These  splendid  stream- 
ers were  of  the  same  tint  as  the  former,  and  extended  from  the  black 
nucleus  near  the  horizon  to  the  zenith  in  nearly  the  same  manner ; 
but  the  refulgence  of  these  far  exceeded  that  of  the  fonner.     These 
streamers  consisted  principally  of  two  parallel  groups,  one  on  each 
side  of  the  north,  and  with  some  considerable  distance  between 
them.      Smaller  streamers  were,  however,  playing  in  the  inter- 
mediate space  and  also  on  their  outer  horizontal  skirts.     The  hori- 
zontal boundaries   of  the  aurora,  at  this  time,  seemed  to  be  the 
Milky  Way  on  the  west,  and  near  to  the  planet  Mars  on  the  east. 
From  this  time  the  aurora  gradually  diminished  in  splendour,  and 
about  seven  was  nearly  lost ;  it  occasionally,  however,  brightened 
with  a  few  faint  flashing  momentary  streamers  till  between  ten  and 
eleven,  at  which  time  I  discontinued  my  observations. 

During  the  display  of  the  fine  streamers,  which  first  presented 
themselves  about  five  minutes  past  six,  I  hurried  home  to  adjust  a 
magnetic  needle.  It  was  about  half-past  six  before  I  had  my  mag- 
netic apparatus  fit  for  observation,  and  the  splendour  of  the  aurora 
had  now  passed  its  meridian.  I  diligently  watched  the  needle  and 
the  aurora  till  half-past  ten,  but  observed  nothing  in  the  motions  of 
the  former  that  could  possibly  be  attributed  to  the  influence  of  the 
latter. 
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From  the  brilliancy  of  the  aurora  at  six  o'clock,  I  imagine  that  it 
was  exhibited  at  a  much  earlier  period  of  the  evening,  bnt  I  have 
had  no  opportunity  of  ascertaining  the  fact  from  persons  likely  to 
have  seen  it.  I  think  it  is  likely  that  the  aurora  was  very  fine  in 
Scotland,  and  perhaps  in  higher  north  latitudes,  after  seyen  o'dock, 
perhaps  till  nine  or  ten. 

W.  Stukgbok. 
Artillery  Plaee,  Woolwich,  Dee.  23, 1834. 

P.S.  This  aurora  appeared  to  have  no  particular  respect  for  the 
magnetic  north :  it  was  nearly,  if  not  exactly  bisected  by  the  true 
meridian  during  the  whole  of  the  time  I  observed  it. 


Description  of  the  Aurora  Borealis   of  November  \6, 1836, 

By  William  Sturgeon. 

An  aurora  borealis  of  a  very  unusual  character  was  seen  in  this 
neighbourhood,  and  I  imagine  over  a  large  tract  of  country,  od 
Wednesday  evening  the  16Ui  instant.  1  was  walking  from  Green- 
wich to  Woolwich,  between  nine  and  ten  o'clock,  and  when  I  had 
arrived  at  the  top  of  Maize  Hill,  by  the  side  of  Greenwich  Park, 
then  about  ten  minutes  past  nine,  my  attention  was  first  attracted 
by  the  fine  light  of  the  aurora  io  the  north.  I  walked  on  a  little 
forther  till  a  good  opening  to  the  northern  horzion  presented  itself 
from  the  road  leading  from  Maize  Hill  to  Mr.  Angerstein's  estate. 
At  this  opening  I  made  a  determined  stand,  for  the  purpose  of 
observing  any  novel  phenomenon  which  the  aurora  might  happen 
to  present. 

At  this  time  it  consisted  principally  of  a  very  extensive  lateral 
range,  on  both  sides  of  the  pole  star,  of  vertical  streamers,  which 
were  pencilling  the  northern  heavens  from  about  15^  above  the 
horizon  to  Cassiopeia's  Chair,  then  about  the  meridian ;  and  so 
uniform  was  their  arrangement  and  splendour,  that  they  presented 
one  sheet  of  yellowish  white  light,  the  most  intense  at  the  base,  and 
becoming  more  and  more  faint  as  they  proceeded  upwards,  until 
quite  lost  at  their  terminal  altitudes. 

This  appearance  of  the  aurora  had  but  just  stamped  its  impres- 
sion on  my  mind,  when  in  one  moment  the  whole  of  the  nortnem 
heavens  appeared  in  one  complete  state  of  undulating  commotion, 
heaving  upwards  in  rapid  succession  immensewaves  of  light,*  which, 
like  the  streamers  which  preceded  them,  gradually  diminished  in 

*  These  waves  were  seen  at  Milton,  next  Gravesend,  by  my  scientifie 
friend  Mr.  Swinny  ;  and  I  beg  to  acknowledge  tbe  obligation  I  am  placed 
mider  to  Mn.  Swinny,  who  also  saw  these  waves,  for  a  more  happy  descrip- 
tion of  them  than  any  I  had  before  thought  of.  They  appeared  to  this  laay 
as  **  waves  of  thin  smoke  or  steam,  behind  which  was  placed  a  strong  light." 
A  more  expressive  description  conld  not  possibly  he  given. 
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brilliancy  from  their  source  near  to  the  horizon  till  their  arrival  at 
the  zenith,  which  was  their  general  vanishing  point. 

The  horizontal  range  of  the  aurora  duriog  this  uousual  display, 
was  eastward  as  far  as  Jupiter,  whose  azimuth  from  the  north  was 
then  about  75^ ;  and  perhaps  about  the  same  extent  westward  on 
the  other  aide  of  the  pole  star.  I  observed  it  stretch  to  beyond 
a  Lyne  (Vega),  whose  azimuth  from  the  north  was  about  60°,  but 
could  not  very  well  ascertain  the  position  of  the  western  extremity 
at  the  place  where  I  was  standing,  on  account  of  the  reflexion  of 
the  gas  light  in  London  mixing  with  that  of  the  aurora,  and  the  in- 
tervention of  trees,  &c. 

This  extensive  ocean  of  light,  which  illuminated  nearly  half  of 
the  visible  heavens,  and  whose  waves  rolled  with  the  rapidity  of 
thought,  lasted  about  eight  or  ten  minutes,  perhaps  longer,  when 
they  gradually  began  to  disappear,  and  the  aurora  to  contract  in  all 
its  dimensions.  Until  this  time  (nearly  half-past  nine)  no  dense 
nucleus  had  marked  the  centre  of  the  aurora :  the  stars  were  seen 
between  the  horizon  and  the  luminous  base  as  decidedly,  though  not 
so  clear,  as  if  no  aurora  were  present.  The  star  Benetnasch,  in  the 
the  tip  of  the  tail  of  the  Great  Bear  (ij  Ursae  Majoris),  was  one  of 
those  which  were  observed  below  the  aurora;  but  Mizar  (^ Ursae 
Majoris),  then  on  the  meridian  below  the  pole,  was  seen  in  the  bright 
arched  base  of  the  streamers  and  waves. 

The  lastrmentioned  change  in  the  appearance  of  the  aurora  brought 
it  gradually  to  that  state  which  is  usually  exhibited  in  some  period 
or  another  of  this  boreal  phsenomenon.  The  dense  black  nucleus 
began  to  form,  and  soon  curtained  the  stars  which  had  previously 
twinkled  in  that  segment  of  the  northern  sky.  The  luminous  mar- 
gin also,  its  usual  attendant,  became  well  de6ned,  and  its  highest 
point  was  well  marked  to  the  westward  of  the  meridian,  perhaps 
nearly  in  the  magnetic  north.  I  now  walked  on,  keeping  the  aurora 
in  view,  which  shot  occasional  streamers  from  various  parts  of  the 
luminous  arch.  Just  before  I  entered  Woolwich,  about  ten  o'clock, 
another  fine  display  of  vertical  streamers  spread  over  the  northern 
sky,  and  continued  for  nearly  a  quarter  of  an  hour.  By  this  time  1 
reached  home ;  but  too  late  to  ascertain  their  effect,  if  any,  upon  tlie 
magnetic  needle,  for  they  faded  away  very  rapidly  af^er  my  arrival, 
and  before  eleven  the  aurora  had  entirely  disappeared. 

During  my  walk  home,  f  observed  several  fine  meteoric  stars, 
most  of  which  appeared  to  be  shot  from  the  same  point  of  the  hea- 
vens, which  point  was  somewhere  in  a  right  line  between  me  and  the 
Twins.  One  of  these  meteors  shot  with  a  moderate  velocity  across 
the  uorth  part  of  the  meridian,  at  an  altitude  of  about  80°,  and  ap- 
peared to  traverse  an  arch  of  the  heavens  of  90°  or  100°.  It  burst  into 
several  luminous  fragments  at  the  western  termination  of  its  range, 
and  became  extinct  in  a  moment.  I  listened  for  some  time,  but 
heard  no  noise,  neither  did  my  servant  who  was  with  me,  and  who 
listened  attentively  at  my  request.  I  had  previously  pointed  out  to 
him  the  direction  he  was  to  look  in,  and  he  saw  the  meteor  from  the 
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first  to  its  last  appearance.  He  also  directly  aftenrardssair  another 
from  the  same  quarter,  which  traversed  the  heavens  in  nearly  the 
same  direction  as  the  former.  He  called  out  to  me,  but  it  was  lost 
without  my  seeing  it.  These  meteors  was  seen  above  five  minutes 
before  the  last  display  of  streamers  mentioned  above. 

I  saw  no  appearance  of  the  aurora  to  the  south  of  the  zenith, 
though  frequently  looked  for.  The  sky  was  quite  clear  of  clouds, 
and  the  black  southern  expanse,  studded  with  its  brilliant  stars,  af- 
forded a  fine  contrast  to  the  display  of  the  aurora  in  the  north. 

Artillery  Place,  W^oolwich,  Nor.  19, 1835. 

N.B.  Whilst  writing  the  above,  a  friend  has  called  on  me,  who 
saw  fkke  streamers  about  half-past  eight  o'clock. 


On  Electro-puhations  and  Eleetro-momentum. 
By  William  Stukoeok. 

It  is  very  well  known  to  the  readers  of  the  "Philosophical  Magazine," 
that  I  have  long  considered  electric  currents,  when  transmitted 
through  inferior  conductors  between  the  poles  of  a  voltaic  batteiy, 
as  the  effect  of  a  series  of  distinct  discharges,  in  such  rapid  succes- 
sion as  not  to  be  individually  distinguished  by  the  senses.  Such 
currents  I  have  called  electro-pulsatory.  See  my  theory  of  mag- 
netic electricity  in  the  '*  London  and  Edinburgh  Philosophical  Maga- 
zine,*' vol.  ii,  p.  202. 

By  following  up  these  views  of  electro-pulsations,  I  was  about 
two  years  ago  enabled  to  dispense  with  all  acid  or  saline  liquids,  in 
the  employment  of  galvanic  batteries  for  the  purpose  of  galvanizing, 
as  it  called,  either  to  satisfy  the  curiosity  .or  as  a  medical  process ; 
and  my  plan,  which  answers  very  well,  I  have  found  to  be  produc- 
tive of  a  considerable  saving  in  the  expense  necessarily  attendant  on 
the  use  of  voltaic  batteries  when  excited  by  acid  solutions. 

It  is  well  known  that  a  Crulkshank  battery  of  about  a  hundred 
pairs  will,  by  employing  water  alone  in  the  cells,  charge  to  a  certain 
degree  of  intensity  ahnost  any  extent  of  coated  surfiice  of  glass  that  we 
please ;  and  that  the  same  degree  of  charge  is  given  to  it  by  a  single 
contact  of  the  conductors,  however  short  its  duration.  This  being 
understood,  and  understanding  also  that  ihe  shock  produced  by  any 
discharge  from  a  g^ven  intensity  would  be  proportional  to  the  quan- 
tity of  fluid  transmitted  in  a  given  time,  it  was  easy  to  foresee  that 
a  series  of  shocks  in  rapid  succession  might  be  produced  by  some 
mechanical  contrivance,  and  that  the  degree  of  force  might  be  regu- 
lated by  varying  the  extent  of  coated  surface. 

My  first  experiments  were  made  with  a  himdred  and  fifty  pain 
of  three- inch  plates,  and  about  seven  feet  on  each  side  of  coated 
glass ;  and  my  apparatus  for  producing  a  rapid  succession  nf  shocks 
was  one  of  Mr.  Barlow's  stellated  electro-magnetic  wheels  which 
was  soldered  to  an  iron  spindle  and  put  into  rotatory  motion  by  a 
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wheek  and  a  band ;  the  points  of  the  wheel  touching  in  succession  a 
copper  spring  in  connexion  with  the  positive  surface,  and  thus  pro- 
ducing a  discharge  at  every  contact  of  the  whed  and  copper  spring. 

When  the  two  surfaces  are  connected  bj  wires  widi  two  basins  of 
salt  water,  and  the  hands  immersed  one  in  each  basin,  the  effect  ex- 
perienced IB  precisely  that  of  a  discharge  of  a  voitaic  battery.  The 
discharges  can  be  made  in  such  n4)kl  snecession  aa  to  prevent  the 
sensation  of  distinct  shocJcs ;  and  if  die  process  were  to  be  concealed 
it  would  require  some  experience  to  dislingnish  between  the  effects 
on  the  animal  economy  £tom  this  apparatus  and  those  firom  a  voltaic 
batteiy  charged  with  add  and  water. 

My  views  being  so  for  verified,  the  next  attempt  was  to  amplify 
the  apparatus  and  make  it  more  portable ;  and  as  it  was  readily  seen 
that  if  one  hundred  pairs  would  charge  glass  of  considerable  tlu^- 
nesSy  thinner  glass  might  be  charged  ^fewer  pairs  ;  this  was  dose : 
and  eventually  the  glass  entirely  dismissed,  and  its  place  supplied 
with  well- vatnished  Bristol-board.  These  boaords  answer  exceedingly 
well  as  a  reservoir  for  low  intensities  ;  4hey  may  be  coated  to  within 
an  inch  of  the  edge  all  round,  and  placed  upon  tlieix  edges  either  on 
a  piece  of  glass,  or  on  a  board  properly  prepared,  and  arranged  to  any 
required  extent  like  the  plates  of  a  voltaic  battery,  but  when  con- 
siderable intensity  is  wanted,  it  is  better  to  use  thin  glass. 

From  these  facts  we  learn  that  metallic  surfaces  of  many  acres  of 
extent  may  possibly  be  charged  to  a  low  intensity  in  the  interior  of 
the  earth,  by  having  a  thin  intervening  stratum  of  inferior  condneting 
matter  sufiScient  to  insulate  from  each  other  their  dissimilar  electric 
surfaces. 

It  may  now  be  understood  that  the  slightest  accident  which  would 
suddenly  break  through  the  insulation,  such,  as  the  sinking  of  a  maas 
of  metalline  matter  from  one  stratnm  to  the  other,  would  cause  a 
sudden  rush  of  an  immense  ocean  of  the  electric  fluid,  which  might 
be  productive  of  subterranean  lightnings  and  tremendous  explosions, 
sufScient  to  shake  an  extensive  range  of  country  on  every  side. 

Connected  with  the  preceding  facts  there  are  others  which 
may  be  conveniently  mentioned  in  this  place,  and  which  would 
lead  us  to  similar  explanations  of  the  cause  of  subterraneous 
convulsions.  Electric  currents  of  considerable  magnitude  when 
suddenly  checked,  or  diverted  to  a  new  channel,  produce  a 
momentum  not  very  generally  understood;  but  which  I  will  endea- 
vour to  explain.  A  coil  of  copper  wire,  excited  by  magnetic  action, 
will  become  a  channel  for  an  electric  current ;  and  whUist  the  whole 
circuit  is  metallic,  the  velocity  of  that  current  would  be  considerably 
greater  than  if  any,  even  a  small  part,  of  the  circuit  were  of  worae 
conducting  materials :  and  if  the  current  were  suddenly  transferred 
f^om  a  channel  of  the  former  character  to  one  of  the  latter,  by  any 
contrivance  whatever,  it  would  meet  a  resistance  on  entering  the 
new  channel,  which  the  mmnentum  it  had  previously  acquired  would 
have  to  overcome ;  and  a  sudden  disturbance  of  the  electric  fluid, 
l1 
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previously  at  rest,  would  take  place,  and  a  violent  null  of  the  eurrent 
virould  as  suddenly  follow. 

It  is  in  this  manner  that  shocks  and  sparks  are  produced  bj 
magnetic  electric  machines,  where  the  current,  previously  in  rapid 
motion,  is  suddenly  transferred  to  a  new  channel  of  inferior  conduct- 
ing character ;  and  all  (he  fluid  in  the  revolving  coil  rushes  through 
a  person  properly  situated  for  the  new  route,  and  who  experiences 
the  electric  ^ock,  or  else  through  a  thin  stratum  of  air  at  an  inter- 
ruption in  the  metallic  circuit  where  the  spark  is  produced. 

These,  then,  are  some  of  the  effects  of  electric  currents,  or  of  die 
momentum  of  the  electric  fluid  in  a  state  of  motion,  after  the  exciting 
cause  is  entirely  cut  off.  The  shock  thus  produced  may  very  con- 
veniently be  compared  to  the  blow  given  by  Montgolfier's  hydraulic 
ram.  Electro-momenta  may  be  produced  by  any  mode  of  excitation 
whatever,  and  the  effects  will  be  proportional  to  the  velocity  and 
quantity  of  the  electric  fluid  flrst  put  into  motion ;  and  the  length 
of  the  original  channel  is  also  to  be  taken  into  account  If  then 
electro-momenta,  capable  of  -producing  violent  shocks  and  vivid 
sparks,  can  be  produced  by  a  few  hundreds  of  feet  of  thin  coppor 
wire,  what  is  it  that  might  not  be  expected  from  the  electro-ouimenta 
of  nature,  arising  from  currents  of  many  miles  in  extent,  kept  in 
motion  eitber  by  heat,  saline  solutions,  or  by  other  causes,  amongst 
the  metalline  strata  below  the  surface  of  the  earth?  A  sudden 
disruption  in  the  circuit  would  insure  the  blow,  and  an  earthquake 
might  be  the  result. 

ArtUlery  Place,  Woolwich,  July  4, 1836. 


Letter  from  M.  Edmond  Becquerel  to  the  Editors  of  the  **AnnaU9 

de  ChinUe  et  de  Physique,"  * 

In  the  "  Annales  de  Chimie  et  de  Physique,"  for  December,  1841, 
I  gave  a  notice  on  voltaic  batteries  of  continuous  action,  in  which  I 
stated  such  facts  on  the  subject  as  have  resulted  from  the  experi- 
ments of  those  natural  philosophers  who  have  been  engaged  in  Uiese 
enquiries. 

Mr.  Daniell  supposing  that  I  had  not  done  him  justice,  has 
thought  proper  to  reply  to  several  of  my  statements  in  itte  "  Philo- 
sophical Magazine,"  for  April,  1842.f  It  was  far  irom  my  intention 
to  state  any  thing  displeasing  to  Mr.  Daniell,  or  to  misrepresent  facts, 
or  to  claim  for  my  father  a  discovery  to  which  he  had  no  right.  In 
this  particular  Mr.  Daniell  has  unaccountably  mistaken  my  motives  for 
publishing  my  notice,  and  bad  it  not  been  for  this  circumstance  I 
should  not  have  thought  proper  to  reply  to  him  at  this  time ;  for,  u 
regards  the  principal  points  in  the  facts  which  I  mentioned,  I  have 
nothing  whatever  to  alter. 

*  '*  Annales  de  Chimie  et  de  Phyrnqoe." 

t  See  '*  Annals  of  Electricity,  &c."  Vol.  riii,  p.  4^. 
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In  every  physical  question,  three  particulars  are  to  be  taiken  into 
consideration :  the  idea,  the  principle,  and  the  application.  Now, 
it-  is  pnnnsd  by  wdEL  ascertained  facts,  that  from  1829,  and  even 
several  years  previously,  my  &ther  had  invented  and  constructed 
voltaic  batteries  of  constant  action ;  though  it  be  true  that  they  had 
not  the  extent  of  action,  and  the  other  advantages  possessed  by  those 
batteries  which  Mr.  Daniell  made  known  in  1836.  The  apparatus 
invented  by  my  father  immediately  obtained  the  appellation  of 
"  Constant  Voltaic  Batteries ;"  and  as  they  still  answer  the  purpose 
he  then  intended,  to  contend  with  him  now  about  either  the  iiieat 
the  principlCf  or  the  appUcatknif  within  certain  limits,  would  be 
perfectly  ridiculous. 

Respecting  the  priority  of  invention,  the  details  which  I  am  about 
to  give,  will,  I  thmk,  leave  no  farther  doubt  on  the  subject.  For 
more  than  fifteen  years  the  electro-chemical  reactions,  by  means  of 
which  my  father  was  enabled  to  produce  crystallized  substances, 
were  carried  on  by  the  employment  of  a  small  piece  of  apparatus 
consisting  of  tubes  bent  into  ihe  shape  of  an  U,  closed  at  the  bended 
part  by  a  partition  of  moist  day,  for  the  purpose  of  keeping  separate 
the  two  liquids  which  occupied  the  branches  of  each  tube :  in  one 
of  which  was  placed  a  solution  of  sulphate,  nitrate,  or  chloride  of 
copper,  in  which  a  plate  of  copper  was  immersed.  In  the  other 
branch  was  placed  a  solution  of  sea  salt  and  a  plate  of  zinc,  or  some 
other  metal.  Such  is  the  arrangement  of  the  simple  apparatus  which 
is  known  to  the  scientific  by  the  name  Pile  d  Cliison. 

The  figure  of  this  apparatus  is  of  but  little  importance,  aa  it  may 
be  varied  at  pleasure  without  altering  its  principle  or  mode  of  action. 
Instead  of  an  U  tube,  fiur  example,  we  may  employ  any  kind  of 
venel,  formed  into  two  compartments  by  a  diaphragm  of  bladder, 
baked  earth,  plaster,  linen,  or  other  fabric,  &c. ;  but  all  such 
variations  are  necessarily  on  the  principle  of  the  U  tube. 

After  the  year  1829,  long  before  Mr.  Daniell  published  any 
thing  on  the  subject,  my  father  made  several  communications  on  this 
subject  to  die  Academy  of  Sciences  :  and  the  description  of  an  appa- 
ratus of  this  kind»  which  maintained  a  constant  current  for  two  entire 
days,  is  to.  be  seen  ia  the  "  Compte  Rendu  des  Seances,"  for  1835. 

According  to  this  fact»  therefore,  Mr.  Daniell  can  have  no  pre- 
tentions to  the  discovery  of  die  general  principle  on  which  the  opera- 
tion of  the  **  eonttant  voUaic  battery  "  entirely  depends ;  but  he 
may  justly  claim  the  good  arrangeaient  that  he  has  given  to  this 
battery,  and,  amongst  others,  the  advantage  of  preserving  a  saturated 
solution  of  sulphate  of  copper,  and  of  obtaining  more  energetic 
effects  than  those  for  which  my  father  had  any  occasion,  at  the  com- 
mencement, for  the  production  of  crystallized  substances  analogous 
to  those  formed  by  nature ;  a  discovery  for  which  he  received  the 
Copley  Medal  from  the  Royal  Society  of  London,  and  which  Mr. 
Daniell  also  received  some  time  afterwards,  for  his  form  of  the  con- 
stant voltaic  battery. 
l12 
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Notwithstanding  these  facts,  so  long  before  the  pablic,  and  so 
self-evident  as  not  to  be  mistaken,  Mr.  Daniell  declares  that,  in  the 
construction  of  his  battery,  he  was  not  guided  by  the  woria  of  his 
predecessors,  and  that  the  principles  which  he  adopted  are  different 
from  those  which  my  fSather  had  so  long  since  employed.  He  states, 
for  instance,  that  tiie  rapid  diminution  and  early  cessation  of  the 
current  by  ordinary  batteries,  are  due  to  the  deposition  of  zinc  on 
the  negative  plates  of  each  pair.  On  this  point  we  perfectly  agree : 
the  annihilating  counteraction  occasioned  by  the  deposition  of  zinc 
upon  the  copper  plates  comes  under  that  cslled  polarizatUm  of  the 
electrodes  (an  odd  enough  expression).  In  my  notice  I  mentioD 
that  '*  each  negative  plate  (of  copper  or  platinum)  retains  on  its 
surface  alkaline  elements,  such  as  hydrogen,  liberated  by  the  decom- 
position of  water,  and  bases  liberated  by  the  decomposition  of  saline 
substances  dissolved  in  the  water."  This  phrase  does  not  exclude 
any  of  the  bases ;  therefore,  the  zinc  liberated  from  the  salt  of  zinc 
must  also  be  deposited  on  the  negative  plate ;  a  fact  known  many 
years  ago,  and  by  Sir  Humphry  Davy  shown  to  be  the  cause  of  the 
action  of  Bitter's  *^  secondary  piles.**  This  decomposition  behig 
efiected,  the  action  of  the  liquid  on  the  zinc  necessarily  gives  birtii 
to  a  counter  current,  which  gradually  destroys  the  action  of  the 
primary  one.  Therefore,  in  order  to  obtain  an  ^paratus  of  eonts- 
nuous  action^  it  was  necessary  to  devise  some  means  to  prevent  the 
zinc  and  the  alkalies  being  deposited  on  the  negative  plates. 

Mr.  Daniell  next  says,  that  the  passage  of  the  electric  current 
across  the  diaphragms  of  bladder  is  well  known  to  experimentalbts, 
and  quotes  Dr.  Ritchie  as  having  made  use  of  them.  To  this  I  re- 
ply, tiiat  the  use  of  diaphragms  in  physics  is  very  ancient,  since  one 
of  the  BernouUis  had  already  separated  the  different  liquids  by  a 
membrane,  in  an  experiment  intended  to  produce  endosmose  eflfects. 
Forret  also  adopted  the  same  means  for  the  purpose  of  showing  that 
in  separating,  by  means  of  a  membrane,  a  mass  of  water  into  two 
parts,  and  by  immersing  in  each  a  platinum  plate  connected  with 
the  poles  of  a  battery,  the  current  would  cause  the  water  in  the 
positive  cell  to  traverse  the  membrane  and  arrive  in  the  negative 
cell.  I  might  still  give  other  examples  were  it  necessary.  The  use 
of  membranes  and  other  diaphragms  for  transmitting  constant  cur- 
rents was  brought  into  use  by  my  fiUher  nine  or  ten  years  before 
Mr.  Daniell  was  engaged  in  such  enquiries ;  as  the  experiments 
communicated  to  the  Academy  of  Sciences,  on  the  23rd  February, 
1829,*  will  amply  testify. 

As  to  the  publication  of  Dr.  Ritchie  in  the  "  Philosophical  Tran- 
sactions," it  is  dated  May,  1829,  and,  consequentiy,  some  montitB 
later.  I  therefore  look  upon  Mr.  Daniell's  battery,  although  veiy 
convenient,  as  based  upon  the  same  principles  as  the  apparatus 
employed  by  my  father  for  several  years  previously. 
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Farther  on,  Mr.  Daniell  adds :  *'  Even  in  the  nse  of  the  dia^ 
phragm,  which  might  at  first  sight  appear  similar,  there  is  a  direct 
opposition  ;  for  my  object  is  to  keep  die  two  electrolytes  which  I 
employ,  perfectly  separate,  so  that  no  portion  of  one  may  penetrate 
to  Uie  other,  except  in  the  process  of  electrolysis." 

I  confess  that  I  know  not  how  Mr.  Daniell  can  keep  separate  two 
liquids  by  a  membrane  moistened  by  them  and  which  tJiey  can  pene- 
trate, without  that  passage  from  one  to  the  other  taking  place  which  is 
otherwise  called  endosmose  and  exosmose.  Indeed,  it  id  impossible  to 
realise  this  condition.  The  only  means  of  retarding  the  mixture  of  the 
two  liquids,  as  long  as  possible,  is  by  substituting  for  the  membrane 
a  thick  diaphragm  of  clay,  as  did  my  father  :  the  intensity  of  the 
current  is  certunly  diminished,  but  uniform  effects  are  obtained 
which  may  continue  for  months  or  even  years. 

Mr.  Daniell  further  says :  "  and  I  repeat,  that  in  my  constant 
battery  nothing  depends  upon  the  contact  and  actioh  of  the  two 
liquids  upon  each  other." 

I  do  not  understand  this  assertion  :  for  every  one  knows  that  two 
different  liquids  acting  upon  each  other  by  an  intermediate  membrane, 
disengage  electricity  enough  to  produce  a  current;  and  if  Mr. 
Daniell  wishes  to  convince  himself  of  the  fact,  he  has  only  to  take 
away,  in  one  of  his  pairs,  the  plates  of  zinc  and  of  Copper,  and  sub- 
stitute for  them  two  plates  of  platinum ;  he  will  have  a  current  owing 
to  the  reaction  of  the  two  liquids  upon  each  other,  less  intense, 
indeed,  than  that  derived  from  a  pair,  one  of  which  is  an  oxidable 
metal. 

Mr.  Daniell  also  says  that,  "  the  amount  Of  force  obtained  by  my 
father's  apparatus  is  insignificant  as  respects  its  application  to  the 
arts." 

I  win  reply  yes  and  no  to  him  :  yes,  if  there  be  a  question  of 
apparatus  like  that  of  Mr.  Daniell,  intended  to  produce  currents 
which  are  to  be  transmitted  into  liquids  placed  in  separate  vessels : 
no,  if  the  currents  are  to  re-act  chemically  on  the  liquids  which  them- 
selves form  a  part  of  the  ajpparatus. 

In  short,  the  apparatus  constructed  by  my  father,  six  years  ago, 
for  the  treatment  of  the  ores  of  silver,  lead,  and  copper,  are  based 
on  the  same  principles  that  I  have  before  explained;  and  these 
apparatus  are  of  much  more  considerable  dimensions  than  that  of 
Mr.  Daniell,  since  each  pair  requires  1,000  litres  of  liquid  for  its 
excitement,  and  six  of  these  pairs  have  been  united  into  one  battery : 
therefore  6,000  litres  of  liquid  have  been  employed  at  one  time : 
and  the  energy  of  this  apparatus  has  been  still  greater  than  that 
produced  by  Mr.  Daniell*s  battery :  for  all  the  silver  and  lead  con- 
tained in  these  ores,  amounting  to  about  one  kilogramme  of  silver, 
and  100  kilogranunes  of  lead  were  extracted  in  the  space  of  a  few 
hours. 

I  now  leave  it  to  the  judgment  of  the  reader  who  is  in  the  right, 
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Mr.  Daniel!  or  myself:  it  will  then  be  understood  whether  fiUd 
piety  blinded  me,  or  that  I  was  actuated  by  the  love  of  truth. 
Parifl,  July  7,  1843. 

[Professor  Grove  has  also  sifted  Professor  Darnell's  claims,  in  the 
following  letter  to  the  editors  of  the  "  Philosophical  Magazine  :"* — '] 

Allow  me  to  request  your  insertion  of  a  few  remarks  on  a  letter 
of  Professor  DanieU,  published  in  your  magazine  for  April.  Ab- 
sence from  London  and  occupations  of  other  than  a  scientific  nature 
prerented  my  noticing  it  at  the  time ;  my  attention  has  been  re- 
called to  the  matter  by  its  republication  in  the  '*  Annales  de  Chimie." 

A  few  words  at  die  conclusion  of  this  letter  refer  to  me  :  after 
stating  that  M.  Becquerel  has  inadvertently  described  my  experi- 
ments as  anterior  to  Mr.  Daniell's,  this  gentleman  goes  on  to  say, 
"  Professor  Grove  has  never  spoken  of  his  battexy  but  as  the  further 
application  of  principles  which  I  had  previously  deduced." 

It  is  perhaps  of  Httle  moment  to  the  public  what  principles  led 
me  to  the  construction  of  the  battery  in  question,  but  it  may  be  of 
some  moment  to  me,  as  should  I,  by  silence,  be  held  to  assent  to 
certain  principles,  I  may  be  accused  of  contradiction  and  inconsis- 
tency, if  in  any  future  paper  I  should  state  my  adherence  to  others. 
M.  Becquerel,  again,  in  the  5th  volume  of  his  "  Trait^  de  1'  Elec- 
tricity," describes  my  battery  as  **  pile  voltaique  construite  d'apr^ 
les  principes  exposes  dans  les  chapitres  1**,  &c. :"  these  chapters 
contain  the  papers  of  M.  Becquerel  in  respect  of  which  he  claims 
priority  to  Mr.  Daniell.  It  is  obvious,  that  as  M.  Becquerel  and 
Mr.  Daniell  differ  in  their  notions  as  to  the  principles  of  the  con- 
stant battery,  I  could  not  derive  my  battery  from  both,  and  I  have 
looked  over  my  papers  on  this  subject  to  see  whether  I  have  ex- 
pressly referred  it  to  principles  enounced  by  either  of  these  philoso- 
phers :  I  cannot  see  diat  I  have.  I  have  on  many  occasions  men- 
tioned their  experiments  before  my  own  in  the  history  of  the  voltaic 
pile,  both  as  acknowledging  their  priority  and  as  not  wishing  to 
claim  what  was  not  my  due ;  probably  it  is  this  which  has  led  to  a 
misconception  on  the  part  of  Mr.  Daniell ;  but  I  have  distinctly  stated 
the  idea  which  immediately  led  to  the  construction  of  my  batteiy 
in  the  paper  which  describes  it  in  the  "Philosophical Magazine"  for 
May,  1889.  After  detailing  an  experiment  with  two  strips  of  gold-leaf 
in  nitric  and  hydrochloric  acids,  separated  by  a  porous  diaphragm,  and 
showing  that  upon  contact  of  the  two  strips,  the  gold  in  the  hydrochlo- 
ric acid  was  dissolved,  and  that  a  voltaic  current  was  established,  I  say, 
*'  It  now  occurred  to  me,  that  as  gold,  platina,  and  two  acids  gave  so 
powerful  an  electric  current,"  d  fortiori^  "  fiie  same  arrangement, 
with  the  substitution  of  zinc  for  gold,  must  form  a  combination  more 
energetic  than  any  yet  known :"  this  was  the  simple  deduction  which 
led  to  my  subsequent  experiments.     I  have  in  most  cases  been  con- 
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tent  to  publish  experiments  with  no  more  of  theory  than  was  requi- 
site to  connect  them ;  it  is  a  general,  and  1  think  a  just  complaint, 
that  there  are  already  too  many  speculations  on  this  subject ;  but  in 
a  letter  published  in  the  ** Philosophical  Magazine"  for  Feb.,  1889, 
p.  129,  previous  to  the  discovery  of  my  battery,  I  gave  my  own 
notions  of  the  principles  of  voltaic  batteries,  notions  which  in  some 
respects  agree  with  those  of  Mr.  Daniell,  but  which  also  suggest 
some  new  views  of  voltaic  action.  There  is  one  experiment  there 
detailed  in  which  copper  is  reduced  by  copper,  which  had  much  in- 
fluence on  my  subsequent  experiments,  but  which  is  not  explicable 
by  any  principles  laid  down  by  Mr.  Daniell.  At  the  conclusion  of 
this  paper  I  say,  *'  if  these  principles  be  correct,  very  superior  com- 
binations may  be  discovered  :"  how  this  prediction  has  been  fulfilled 
the  public  is  the  best  judge. 

Far  be  it  from  me  to  disclaim  any  assistance  from  the  experi* 
ments  of  Mr.  Daniell  or  of  M.  Becquerel ;  I  shall  ever  retain  a 
grateful  recollection  of  the  assistance  rendered  to  my  first  efibrts  in 
science  by  the  latter  gentleman.  I  cannot  at  this  distance  of  time 
well  describe  what  effect  their  experiments  had  upon  my  mind. 
In  the  progress  of  science  it  is  difficult  to  define  the  frequently  un- 
pereeived  effect  of  prior  discoveries  upon  subsequent  experimen- 
talists, but  T  cannot  for  many  reasons  acquiesce  in  the  assertion  of 
Mr.  Daniell  above  quoted. 

Mr.  Daniell  was  for  a  long  time  attached  to  the  theory  of  the  de- 
position of  metals  in  the  voltaic  circuit  being  the  result  of  a  secondary 
action  of  the  nascent  hydrogen,  a  theory  generally  adopted  until  com- 
bated by  Hisinger  and  Berzelius ;  thus  in  his  papers,  "  Philosophical 
Transactions,"  1886,  p.  117,  et  seq,,  he  proceeds  to  explain  his  con- 
stant battery  as  dependent  upon  the  removal  of  that  hydrogen  by  caus- 
ing it  to  deoxidate  copper :  in  a  subsequent  publication  in  the  "  Philo- 
sophical Transactions,"  1889,  he  abandons  this  view,  and  considers 
the  deposition  of  the  copper  as  "  a  primary  result  of  electrolytic  action." 
This  would  altogether  alter  the  theory  of  his  battery  and  of  mine. 
I  do  not  think  it  is  a  matter  of  great  consequence  wluch  theory  be 
adopted ;  each  has  many  peculiu*  difficulties,  each  tends  to  many 
similar  conclusions,  and  either  may  lead  to  equally  successful  ex- 
perimental results.  Theory  is  valuable  as  a  means,  not  as  an  end ; 
and  that  theory  of  the  voltaic  battery  is,  in  my  opinion,  the  best 
which  best  collates  the  observed  phenomena,  and  which  leads  to  the 
discovery  of  the  best  voltaic  combinations,  fiut  although  I  would 
hesitate,  without  more  conclusive  experiments,  in  ascribing  this 
superiority  to  either  of  these  theories,  there  is  another  principle  of 
the  voltaic  battery  enounced  by  Mr.  Daniell,  as  to  which,  so  far  from 
agreeing  with  him,  I  must  take  leave  (with  every  respect  for  his  scien-  " 
tific  attainments)  to  differ  toto  ccelo ;  it  is  as  to  the  relative  extent  of  sur- 
face to  be  given  to  the  metals  of  voltaic  combinations.  Mr.  Daniell  has 
in  the  "  Philosophical  Transactions,"  for  1886,  p.  128,  and  in  several 
subsequent  papers,  stated  that  the  best  theoretical  form  for  a  vol- 
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taic  combinatioii  is  when  the  generating  metal  is  arranged  with 
regard  to  the  conducting  one  as  the  centre  of  a  sphere  to  its  peri- 
phery, and  recommends  a  rod  within  a  cylinder  as  the  nearest  prac* 
tioal  approximation  to  such  an  arrangement ;  following  the  authority 
of  Mr.  Daniell,  I  first  constmcted  my  batteries  of  this  fonn,  butyery 
•mm abandoned  it:  see  "Philosophical  Magazine,"  for  Oct,  1839,  p. 
288  :  and  I  am  now  conyinced,  by  three  years'  experience,  and  by 
repeated  experiments^  corroborated  by  the  experiments  of  others, 
that  this  is  by  no  means  the  best  form  of  arrangement,  as  re- 
gards economy  either  of  space,  time,  or  material.  I  believe  the  old 
arrangement  of  equal  surfaces  to  be  sufficient  for  most  practical 
purposes ;  but  the  relative  size  may  be  considerably  modified  accord- 
ing to  the  nature  of  the  electrolytes,  the  conducting  power  oi  the 
metals,  and  other  circumstances.  I  cannot  enter  more  fully  on  this 
point  without  writing  a  paper  especially  on  this  subject. 

P.S. — Since  the  above  was  written  I  have  received  a  paper  of  Mr. 
Daniell's,  just  printed  in  the  "  Philosophical  Transactions,"  1842, 
part  ii,  for  whidi  I  have  to  thank  the  author :  it  contains  a  series  of 
experiments  on  my  battery,  and  with  a  voltameter  of  my  contrivance. 
In  this  paper  I  see  Mr.  Daniell  alters  many  of  his  opinions  upon  the 
relative  size  of  the  plates  in  voltaic  combinations. 


MORE     FACTS. 

Being  now  engaged  in  clearing  up  accounts,  we  will  take  the 
liberty  of  bringing  before  our  readers  a  few  more  facts,  which  not 
only  bear  on  some  parts  of  the  above  reckoning,  but  are  items  in 
another  perfectly  distinct  account. 

One  of  the  essential  conditions  in  the  performance  of  continuous 
uniform  action  in  a  voltaic  battery,  one  of  whose  liquids  is  a  solu- 
tion of  a  salt  of  copper,  is  the  reduction  to  the  lowest  possible  point  of 
the  activity  of  the  zinc  on  that  solution,  and  also  on  the  solution  on 
which  it  is  inunersed.  With  respect  to  the  solution  of  the  sulphate 
of  copper,  the  activity  of  the  zinc  is  considerably  abated  by  the  in- 
tervention of  the  diaphragm,  but  never  entirely  subdued  by  the  in- 
tervention of  a  thin  membrane  or  paper.  Amalgamation  of  the  zinc 
lessens  its  electro-chemical  energies  to  a  considerable  extent,  and  it 
is  in  this  state  that  it  becomes  so  efficient  in  continuing  the  action  of 
voltaic  batteries.  This  being  understood,  we  have  next  to  place  this 
grand  essential  of  "  the  constant  battery  "  to  the  credit  of  those 
who  first  discovered  the  great  diminution  of  electro-chemical  action 
of  zinc  when  amalgamated. 

In  the  first  volume  of  these  '*  Annals,"  we  have  given  an  histori- 
cal sketch  of  the  employment  of  amalgamated  zinc  in  voltaic  batteries, 
and  we  have  only  to  refer  to  that  article  to  satisfy  the  reader  on  that 
point :  and  with  respect  to  the  almost  entire  extinction  of  electro-che- 
mical action  of  amalgamated  zinc  on  a  solution  of  sulphuric  acid,  the 
solution  used  by  Mr.  Daniell  in  his  battery,  a  reference  to  page  88, 
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of  the  same  vdume,  might  be  sufficient.  But  as  Professor  Qrove 
has  made  a  claim  to  the  discovery  of  the  inactivity  of  amalgamated 
zinc  on  diluted  sulphuric  acid,  in  a  paper  read  in  the  Academy  ot 
Sciences,  Paris,  it  may  not  be  amiss  to  give,  at  whole  length,  the 
articles  from  which  those  extracts  were  taken ;  especially  as  they 
contain  some  other  theoretical  points  in  the  action  of  voltaic  batteries, 
which  Pr<^e8sor  Grove  has  also  subsequently  discovered.  In  a  paper 
which  appears  in  VoL  V,  of  these  **  Aiinals,"  Professor  Grove  states, 
in  page  254,  amongst  other  things,  *^  But  the  most  remarkable  fact 
is,  that  the  plate  of  zinc  which  was  in  the  acid,  although  much  more 
attacked  chemically  than  that  in  the  alkali,  always  took  positive 
electricity  ;  i.e.,  it  represented  the  copper  in  an  ordinary  voltaic  com- 
bination." 

We  are  very  far  from  imputing  to  Professor  Grove  any  improper 
motives  for  not  alluding  to  similar  discoveries,  because  it  is  probable 
that  he  might  not  have  been  aware  of  them  at  the  time  that  he  wrote, 
although  published  in  the  "  Annals  of  Electricity,  &c."  nearly  four 
years  previously,  and  originally  in  a  pamphlet,  well  known  in  Lon- 
don, ten  years  previously  to  the  date  of  Professor  Grove's  experiments. 
The  pamphlet  containing  the  following  facts  is  dated  1830 : — 

45.  Let  two  equal  slips  of  sheet  zinc,  of  any  convenient  size,  be 
polished  with  glass  paper.  Let  the  surface  of  one  of  them  be  amal- 
gamated, by  spreading  mercury  over  it  with  a  piece  of  clean  rag,  so 
that  it  may  become  quite  brilliant.*  Both  pieces  being  furnished 
with  connecting  wires,  and  in  proper  communication  with  the  galva- 
nometer, let  them  be  plunged  into  a  weak  solution  of  either  sulphuric 
or  muriatic  acid.  The  amalgamated  piece  will  operate  as  zinc,  and  of 
course  the  other  piece  as  copper  in  the  standard  batteiy.  But  it  will 
be  observed  particularly,  if  the  combination  be  placed  in  a  glass  vessel, 
that  the  piece  which  operates  as  copper  undergoes  rapid  destruction^ 
whilst  the  other  is  scarcely  affected  by  chemical  action.  Gas  will 
copiously  ascend  from  the  former,  whilst  a  few  indolent  bubbles  only, 
wfll  be  observed  on  the  latter,  which  cling  to  its  surface  without 
making  their  escape.  Hence  it  appears  firam  this  experiment,  that 
the  most  oxidizable  metal  in  a  galvanic  combination,  does  not  uni- 
versally operate  as  zinc  in  the  standard  battery  or  in  other  words  it 
is  not  always  the  positive  metaLf 

*  Zinc  may  be  easily  amalgamated  by  first  dippmg  it  in  a  solntioii  of 
Bolpbmic  acid^  and  aft^wardu  in  mercury. 

f  Sir  H.  Davy,  in  his  Bakeriim  Lectnre  for  1826,  observes  that  ^ainc  in 
amalgamation  with  mercury  is  positive  with  respect  to  pore  zinc ;"  b«t  he  ia 
perfectly  silent  as  reffards  the  nature  of  the  chemical  action  which  im  developed 
by  a  combination  of  these  materials  in  any  acid  solution ;  though,  one  might 
have  supposed  that,  had  he  made  the  experiment,  this  steiking  and  singolar 
phenomenon  oonld  not  have  escaped  the  attention  of  so  penetratisg  aa 
observer,  nor  have  been  pennitted  to  pass  mmoticed  whilst  dlscwsiiig  the 
theories  of  galvanism. 

Sir  Humphry  has  also  stated  that,  *^  There  is  not  any  inherent  and  specific 
property  in  each  metal  which  gives  it  the  electrical  character ;  it  depends 
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•  46.  I  know  of  no  experiment  that  operates  more  decidedly  against 
the  chemical  theory  of  galvanism  than  the  one  I  have  last  described. 
The  electricity  displayed  is  uniform  and  steady  from  beginning  to  end ; 
and  its  duration  is  determined  by  the  durability  of  the  negaUve  piece 
(copper  in  the  standard  battery),  and  not  by  the  other,  as  that  theory 
supposes.  I  have  observed  a  deflection  of  the  needle  of  more  than 
10^  for  two  successive  hours,  with  two  pieces,  each  exposing  about 
one  square  inch  of  siu-foce  to  the  action  of  the  acid  solution  ;  at  the 
end  of  which  time,  the  needle  was  perfectly  steady  at  that  angle, 
although  the  piece  which  operated  as  copper  was  nearly  destroyed. 
On  examining  the  amalgamated  piece,  very  alight  traces  onfy  of 
chemical  action  could  be  observed  on  its  sur^e.  The  same  amal- 
gamated piece  was  successively  combined  with  two  others,  which  it 
likewise  outlasted,  still  operating  as  zinc  in  the  standard  batteiy ; 
and  was  even  then  much  decayed  by  chemical  action ;  but  had  become 
exceedingly  brittle  by  combining  wiih  the  fluid  metaL^ 

47.  Iron  and  nitrie  acid, — When  dfluted  nitric  add  is  placed  in 
one  chamber,  and  water  in  the  other,  the  piece  of  iron  which  is  im- 
mersed in  the  acid  solution,  operates  as  copper,  and  consequently 
the  other  piece  which  is  placed  in  the  water,  displa3rs  its  electricity 
in  the  character  of  zinc  in  the  standard  batteiy. 

When  a  few  drops  of  acid  are  mixed  with  die  water)  the  electri- 
cal energies  become  very  much  exalted ;  and  the  needle  will  fre^ 
quently  mark  an  angle  of  85^,  particularly  if  the  stronger  portion  of 

opon  its  pecnliar  state— on  that  form  of  aggregation  which  fits  it  for  ckemhal 

From  this  statement  of  Sir  Hnmpbry's,  I  imagine  that  he  ha«  made  no 
experiment  like  that  described  in  the  text ;  for  it  conld  never  have  been 
discovered  from  that  ezperimenti  nor  with  any  otiier  with  which  1  am  ac> 
qnainted,  that  the  amalgamation  of  sine  esalts  its  omdaUlitg  in  a  solution 
of  either  snlphnric  or  muriatic  acid :  the  most  e$tewHal  ^chtmical  change  " 
required  to  satisfy  the  conditions  of  the  electro-chemical  theory. 

*  Were  it  not  on  account  of  the  brittleness  and  other  inconveniences  occa- 
sioned by  the  incorporation  of  tfie  mercury  with  the  zinc,  amalgamation  of 
the  surfaces  of  zinc  plates  in  galvanic  batteries  would  become  an  important 
improvement ;  for  the  metal  would  last  much  longer,  and  remain  hnght  for 
a  considerable  time,  even  for  several  successive  hours— essential  considera- 
tions in  the  employment  of  this  apparatus. 

Notwithstanding  the  inconveniences,  however,  the  improvement  afforded 
by  amalgamatinff  the  surfaces  of  zinc  plates  becomes  avauable  in  many  ex- 
periments ;  for  tiie  violent  and  intense  chemical  action  which  is  exerdsed  on 
zinc  by  a  solution  of  sulphuric  or  muriatic  add,  with  the  consequent  evolu- 
tion of  heat,  and  annoying  liberation  of  hydrogen,  have  no  place  when  tiie 
plates  are  amalgamated :  the  action  is  tranqml  and  uniform,  and  the  disen- 
gagement of  gas,  which  is  trifling,  occurs  omy  when  the  circuit  is  complete, 
and  at  the  svflBtce  of  the  copper  plate.  The  electric  powers  are  highly  ex- 
alted, and  continue  in  play  much  longer  than  with  pure  zinc :  and  w  only 
care  of  the  experimenter  is,  to  prevent  the  copper,  or  whatever  metal  be 
substituted,  firom  becoming  amalgamated. 

With  a  solution  of  nitrous  acid,  the  electrical  energies  of  two  pieces  of  zinc, 
the  one  pure,  and  the  other  amalgamated,  are  displayed  in  a  very  superior 
degree ;  but  in  consequence  of  the  amalgamated  surface  becoming  partially 


» 


•  V 
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the  acid  solution  be  not  very  feeble ;  and  these  energies  seem  to 
improve  with  an  increase  of  acid  in  that  portion  of  the  fluid. 

These  electrical  relations  of  the  two  pieces  appear  to  be  constant 
with  every  power  of  the  acid  solution,  even  from  the  first  immersion, 
which  is  a  peculiarity  in  this  experiment  that  I  have  not  observed, 
either  with  copper  or  zinc,  for  when  those  metals  are  separately  em- 
ployed with  nitric  acid,  of  different  degrees  of  strength,  the  piece 
which  is  inmiersed  in  the  stronger  solution  first  displays  its  electricity 
in  the  character  of  zinc  in  die  standard  battery,  and  afterwards 
changes  to  that  of  copper,  which  is  not  the  case  with  two  pieces  of 
iron,  for  they  uniformly  display  the  same  electrical  relations  from 
the  beginning  to  the  end  of  the  experiment. 
•  48.  When  one  piece  of  iron  has  been  exposed  fbr  a  short  time,  to 
the  action  of  a  feeble  solution  of  nitric  acid,  it  will  operate  as  zinc 
to  another  bright  piece  which  is  plunged  in  afterwards  ;  the  latter 
operating  in  the  character  of  copper  in  the  standard  battery ;  but 
this  species  of  action  with  iron  is  of  very  short  duration,  and  the 
needle  almost  immediately  returns  to  that  direction  which  marks 
the  last  piece  immersed  to  be  operating  as  zinc  in  the  standard 
battery. 

49.  Iron  and  niiroua  acid, — The  electrical  relations  of  two  pieces 
of  polished  iron  when  placed  in  two  portions  of  this  acid,  very  diffe- 

oxidized,  and  liberating  ga»  at  its  snrface,  the  experiment  ia  not  ao  decisively 
opposed  to  the  chemical  theory  of  galvanism  as  when  either  muriatic  or 
snbbnrio  acid  is  employed. 

Two  pieces  of  rolled  zinc,  each  presenting  ten  sqaare  inches  of  surface, 
one  of  which  was  amalgamated,  and  made  quite  brilliant,  were  formed  into 
a  galvanic  combination  with  nitrous  acid  diluted  with  twelve  times  its  quan- 
til^  of  water,  and  connected  witii  the  galvanometer ;  the  needle  after  seve- 
ral oscillations  reposed  at  an  angle  of  65  degrees,  after  which  the  following 
results  were  observed,  without  in  the  least  disturbing  the  apparatus : — 

Minutes.  Degrees. 

In      5    after  the  first   immersion    70 

—  90  68 

—  30  65 

—  45  60 

—  60  55 

—  75  50 

—  90  45 

—  105  40 

—  120  35 

In  four  hours 25 

The  metals  were  not  disturbed  for  fifteen  hours  afterwards,  at  the  end  of 
which  time  the  needle  marked  an  angle  of  18  degrees.  An  interruption  was 
now  made  in  the  circuit  without  distarbing  the  metallic  plates ;  when  the 
needle  had  reposed  in  the  magnetic  meridian  the  circuit  was  again  com* 
pleted,  and  the  needle  deflected  to  an  angle  of  30  degrees,  and  became  steady 
atl9deffrees. 

The  electrical  powers  displayed  bv  two  pieces  of  zinc,  the  one  pure,  and 
the  other  amalgamated,  and  a  solution  of  nitrous  acid,  are  suflkciently  ener- 
getic to  mcdduce  electro-magnetic  rotations,  even  on  a  pretty  large  seale. 
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rently  diluted,  or  the  one  piece  in  the  acid  eolation,  and  the  other  in 
water,  are  precisely  of  the  same  character  as  when  the  nitric  is  em* 
ployed,  but  the  electrical  energies  displayed  are  more  energetic.  I 
have  experimented  with  the  acid  and  water  in  a  variety  of  propor- 
tions, and  the  results  are  uniformly  of  the  same  character  ;  the  piece 
which  is  placed  in  the  acid  solution  operates  as  copper,  whilst  that  in 
the  water,  whether  acidulated  or  not,  displays  the  electrical  character 
of  zinc  in  the  standard  batteiy. 

60.  When  both  pieces  are  phused  in  tihe  same  acid  solution, 
one  a  minute  or  two  before  the  other,  the  latter,  if  bright,  operates 
as  copper  in  the  standard  battery  veiy  powerfully  indeed ;  and  this 
singular  phenomenon  is  exhibited  to  as  great  an  advantage  with  these 
materials  as  with  any  that  I  have  noticed :  but  these  electrical  rela- 
tions very  soon  cease,  and  the  pieces  almost  immediately  display  dee* 
trieity  in  the  opposite  way,  precisely  the  same  as  when  nitric  acid  is 
employed. 

51.  There  is  aaotfaor  j^ienottieBon  exhibited  in  these  experimenti 
which  I  believe  hae  never  before  been  noticed,  but  which,  by  the 
regularity  of  its  display,  must  necessarily  involve  some  theoretical 
principle,  and  consequently  becomes  as  interesting  to  the  philosopher 
m  any  other  ;  I  have  observed  it  more  or  less  in  sevend  other  ex- 
periments, but  as  it  is  very  decidedly  exhibited  with  these  materiab 
I  will  describe  it  in  this  place. 

52.  When  two  pieces  of  polished  iron  have  been  for  a  few  minutes 
immersed  in  a  weak  solution  of  nitrous  acid,  and  in  connexion  with 
the  galvanometer ;  if  one  piece  be  taken  out,  and  very  soon  returned 
to  its  place,  the  needle  will  be  deflected  to  a  considerable  angle, 
amounting  in  some  instances  to  90^,  indicating  the  piece  last  plunged 
in  to  be  operating  as  copper  in  the  standard  battery,  and  the  neeole 
win  not  return  so  quickly  as  if  that  piece  had  been  bright  before  im- 
mersion, but  will  frequently  retain  that  character  for  some  time ;  it  takes 
place  with  either  piece,  it  is  a  matter  of  no  consequence  which  is 
first  plunged  into  the  acid  solution  ;  the  last  will  always  display  the 
phenomenon  I  have  mentioned.  I  have  obtained  the  same  residtfor 
twenty  successive  times  j  by  first  taking  out  one  piece,  then  the  other, 
leaving  them  in  the  solution  about  half  a  minute  between  each 
time. 

53.  Iron  and  muriatic  acid. — ^When  two  equal  pieces  of  iron  are  im- 
mersed in  a  solution  of  muriatic  acid,  the  piece  last  plunged  in  will  dis- 
play its  electricity  in  the  character  of  copper  in  the  standard  batteiy. 
If  now,  the  other  piece  be  taken  out,  it  will  also  operate  in  the  same 
capacity,  in  precisely  the  same  manner  as  when  iron  and  nitrous  add 
are  employed  ;  and  this  species  of  action  takes  place  when  the  pieces 
are  immened,  the  one  in  the  acid  solution,  and  the  other  in  water,  so 
that  the  first  effect  indicated  by  the  needle,  will  depend  on  the  order  of 
immersion ;  but  if  they  be  left  unmolested  for  a  minute  or  two,  die 
piece  in  the  acid  solution  will  operate  as  copper,  whilst  that  which  is 
surrounded  by  water  will  operate  as  zinc  in  the  standard  batteiy ; 
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and  these  electrical  relations  of  the  two  pieces  wiU  be  uniformly  dis- 
played while  undisturbed  in  their  respective  chambers,  but  if  either 
piece  b^  in  the  least  moved  in  the  fluid,  that  piece  will  immediately 
operate  as  copper  in  the  standard  battery. 

54.  This  singular  and  curious  phenomenon,  which  I  believe  has 
not*  before  been  noticed,  I  shall  endeayour  to  describe  with  some 
degree  of  minuteness ;  and  likewise  the  process  by  which  it  appears 
to  be  the  most  decidedly  exhibited. 

Let  two  flat  pieces  of  good  iron,  having  each  about  two  square 
inches  of  surface,  exactly  alike,  and  well  polished,  be  connected  with 
the  galvanometer,  and  placed  in  a  vessel  containing  muriatic  acid 
diluted  with  two  or  three  times  its  quantity  of  water.  The  needle 
will  vibrate  a  little,  but  will  soon  come  to  rest ;  but,  as  it  is  next  to 
impossible  to  select  two  pieces  of  iron  so  nearly  alike  in  their  elec- 
trical characters  as  not  to  display  some  galvanic  efiect,  it  is  likely 
that  the  needle  will  not  repose  in  the  magnetic  meridian,  but  will 
make  some  smaU  angle  therewith.  Let  dclat  piece  only,  which  the 
needle  indicates  to  be  operating  as  sine  in  the  standard  battery  be 
gently  moved  in  the  interposed  fluid ;  the  needle  irill  immediately  be 
deflected  the  contrary  way,  showing  that  the  electrical  relations 
of  the  two  pieces  of  metal  beeome  changed  by  this  process.  When 
ftie  needle  has  again  come  to  x^%t  move  the  other  piece,  letting 
the  flrst  moved  piece  remain  unmolested;  the  needle  will  again 
change  its  direction,  and  will  indicate  the  last  moved  piece  to  be 
operating  as  copper  in  the  standard  battery. 

55.  If,  whilst  the  connexions  are  complete,  one  of  the  pieces  be 
moved  rapidly  to  and  fro  in  the  acid  solution,  whilst  the  other  remains 
at  rest,  the  needle  will  be  deflected  to  an  angle  of  40°  or  50°,  and 
may  be  kept  steady  at  about  20°  by  continuing  the  motion,  still  in- 
dicating the  moving  piece  to  be  operating  as  copper  in  the  standard 
battery.  But  the  moment  the  motion  has  ceased,  die  needle  returns  to 
the  meridian,  and  very  frequently  takes  a  position  on  the  other  side. 

56.  I  have  tried  iron  with  solutions  of  other  acids,  but  cannot 
discover  that  decided  efiect  as  with  the  muriatic.  I  have  also 
tried  if  the  same  phenomenon  could  be  exhibited  by  employing 
other  metals,  such  as  copper,  zinc,  brass,  &c.,  in  different  acid  solu- 
tions, but  I  have  failed  to  obtain  any  thing  like  that  precision  of 
results  as  are  afforded  by  iron  and  diluted  muriatic  acid.  In  some 
cases  indeed,  the  same  process  appears  to  operate  in  the  contrary 
way ;  and  particularly  with  tin  in  a  solution  of  nitro-muriatic  acid, 
as  will  be  more  particularly  noticed  in  the  sequel. 

57.  Iron  and  sidphuric  ocii.— I  shall  have  very  little  to  advance 
under  this  head,  as  the  phenomena  displayed  are  precisely  of  the 
same  character  as  when  muriatic  acid  is  employed.  There  is  not 
however  that  decided  effect  produced  by  agitating  one  of  the  pieces, 
^  in  1^  solution  of  muritic  acid,  but  the  result  by  that  process  ia  of 
the  same  nature. 
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From  a  retroflpection  of  this  complicated  ezperimenty  it  will  bef 
observed  that  the  results  which  I  have  obtained  are  very  different 
from  those  stated  in  Mr.  Ritchie's  memoir.  Perhaps  some  of  those 
differences  may  haye  emanated  from  a  dianadlitade  in  the  mode  of 
experimenting,  or  from  that  gentleman  not  having  noticed  those 
peculiar  phenomena  which  I  have  minutely  described ;  but  there 
are  certainly  some  discrepaneiea  which  I  am  persuaded  no  allowance 
of  that  nature  can  possibly  reconcile.* 

[We  believe  that  the  same  pamphlet  has  some  claims  to  priority  of 
making  known  a  few  other  facts,  quite  as  interesting  in  these  mat- 
ters as  those  before  alluded  to.  For  instance,  the  non-necessity  of 
metallic  contact  in  voltaic  pairs,  and  the  superiority  of  roUed 
zinc  over  caH  zinc,  were  first  made  known  by  that  pamphlet] 

I  do  not,  however,  suppose  with  Volta,  that  the  electricity  de- 
veloped by  simple  contact  of  the  metals,  exercises  the  extent  of 
influence  in  galvanic  arrangements  which  that  philosopher  imagined. 
I  have  interposed  in  various  ways,  pairs  of  copper  and  zinc,  of  two 
square  feet  in  sur£Eu;e,  in  the  galvanic  circle,  without  observing  the 
least  effect  in  modifying  the  energies  displayed  by  a  pair  ofwrtM 
of  the  same  metals,  which  were  placed  in  an  acid  solution.  And 
I  have  proved  by  experiments,  which  will  be  described  in  the  sequel, 
ihcA  electro-magnetie  powers  may  he  displayed  withotU  any  metalUe 
contact  whatever. 

[So  much  for  non-metallic  contact.  Now  let  us  see  what  ^e 
pamphlet  says  about  rolled  and  cast  zinc : — ] 

68.  Two  pieces  of  zinc,  each  exposing  two  square  inches  of 
surface,  the  one  cast  and  quite  hard  and  brittle ;  the  other  roUeit 
but  sufficiently  soft  and  pliable  to  wrap  round  the  figure  like  a  strip 
of  sheet  lead,  were  placed  in  a  glass  vessel,  and  connected  with  the 


*  There  is  an  advanUige  in  fleparating  the  two  portions  of  fluid  by  a 
bladder  partition,  which  is  not  afforded  by  placing  the  two  pieces  of  nwtal  in 
separate  vessels  connected  by  moistened  asbestos,  as  was  the  practice  with 
Sir  H.  Davy ;  for  it  is  a  well  known  fact,  that  the  nearer  the  metals  approxi- 
mate each  other  in  the  interposed  flnid,  the  greater  is  the  ^vanie  effect ; 
and  when  the  electrical  enei^es  are  very  feeble,  it  is  necessary  to  give  evny 
facility  to  the  display  of  the  phenomena ;  hence  it  will  be  fonnd,  that  when 
both  pieces  press  gently  against  the  opposite  sides  of  the  bladder,  the  needle 
will  be  deflected  to  a  greater  angle  tnan  when  they  are  placed  at  a  greater 
distance  from  each  other.  If  nnacidnlated  water  be  employed  in  one  of  the 
chambers,  this  precaution  will  be  necessary  to  be  attended  to. 

This  circnmstance  alone,  appears  to  me  highly  favoarable  to  the  opinion 
that,  the  energies  of  a  galvanic  combination  are  exalted  in  some  proportion 
as  the  eondueting  power  of  the  flnid  medinm  becomes  improved;  for,  by 
shortening  the  distance  between  the  two  plates  in  the  acid  solution,  a  portion 
of  impeding  obstacles  to  Uie  transmission  of  electricity  becomes  removed, 
and  the  electric  stream  flows  more  copiously  and  with  greater  celeri^  by  the 
facility  thus  afforded,  which  in  fact,  amonnts  preciselv  to  the  same  thing,  as 
if  the  distance  were  eonstanty  and  the  eonduetability  of  the  acid  solation  m- 
provedt 
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galvanometer  by  proper  conducting  wires ;  sulphuric  acid  was 
poured  in,  and  a  small  deviation  of  the  needle  was  observed,  indi< 
eating  the  rolled  piece  to  be  operating  as  zinc  in* the  standard  battery. 
Water,  to  the  amount  of  about  three  times  the  quantity  of  add  was 
now  gently  poured  in ;  the  chemical  action  beeame  excessive,  and  the 
needle  was  deflected  80°  in  the  same  direction  as  at  first.  The 
following  were  the  results  of  five  minutes,  which  was  the  whole  time 
that  the  pieces  remained  in  the  acid  solution : — 

Degrees.^ 
First  pouring  in  of  the  water    80        I  XT«  wlliiig  pi«ee  con 

In  1  Mmute  .•••• 08        I  „*.«*iirTz^lIf;««    o 

-2  Minutes 38        I'^^'r.  ?P!"^!    " 


as 
zinc  in  the  standard 
battery. 


—  8   87 

—  4 SS 

—  5   80 

69.  The  metals  being  now  brushed  in  clean  water,  were  again 
introduced  into  the  same  acid  solution.  The  same  electrical  relations 
of  the  two  pieces  were  again  displayed  for  five  minutes,  the  angle  of 
deflection  being  steady  at  12°. 

70.  The  same  pieces  were  again  brushed  in  clean  water,  and  the 
experiment  repeated  with  a  frc«h  portion  of  sulphuric  acid,  diluted 
with  three  times  its  quantity  of  water ;  the  metals  were  connected 
with  the  galvanometer,  and  the  results  again  observed  for  five 
minutes,  which  were  as  follow : — 

Degrees.^ 

First  plunge    180 

In  I  Minute  steady  at  ... .  45 

—  2  Minutes 47 

—  8 40        I  city  of  zinc  in  the  stan- 

—  4   85        I  dard  battery.* 

—  5   82 


The  rolled  piece  uni- 
formly displaying  its 
electricity  in  the  capa- 


•  In  experiments  with  these  materials  the  chemical  action  is  excessively 
intense  for  the  first  three  minnteSf  about  which  time  it  generally  sabsides 
very  rapidly. 

The  elecmcal  energies  appear  to  diminish  from  three  causes.  1st— As 
the  chemical  action  subsides  the  height  of  the  fluid  medium  subsides  also, 
and  therefore  a  less  portion  of  metallic  surface  is  exposed  in  the  latter  than 
in  the  former  part  or  the  experiment.  3nd.^The  longer  the  pieces  of  sine 
are  exposed  to  the  action  of  the  add,  the  more  equal  they  become  in  the  as- 
perons  character  of  their  surfaces  ;  consequently,  their  electrical  energies 
are  the  most  vigonrons  when  the  rolled  piece  is  quite  new  and  smooth,  or 
well  hammered  to  level  the  asperities  on  ttie  surface — which  experience 
demonstrates.  3rd.— Since  by  the  first  part  of  the  experiment,  decoi^ptmiitm 
is  rapidly  produced,  a  portion  of  the  constituent  parts  of  the  flnid  medium 
becomes  either  dettnninedin  the  circuit,  or  entirely  eapelled :  the  latter  part 
therefore,  proceeds  under  very  difierent  drcamstances,  ooth  as  regards  ytiaiSiYy, 
pumHtff^  and  eBrrangemtnt  of  the  elements  employed.  This  latter  cause  is 
common  to  all  galvanic  arrangements. 
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71.  ExperimenU  were  instituted  for  the  purpose  of  examinii^ 
the  electrical  relations  of  two  pieces  of  the  same  kittd  of  eatt  xinc, 
the  one  hammered  to  level  the  asperities  on  its  surface,  but  afterwards 
softened  by  annealing.  The  slips  were  parts  of  the  same  plate  ^diicfa 
was  cast  for  the  purpose,  and  prepared  as  above  stated.  When  pro- 
perly connected,  and  introduced  into  sulphuric  acid  diluted  as  be- 
fore, the  deflection  of  the  needle  amounted  to  30°,  but  gradually 
decreased  as  the  surface  of  the  hammered  piece  became  rough  by 
corrosion,  but  continued  for  five  minutes  in  the  direction  indicating 
the  soft  hammered  piece  to  be  operating  in  the  character  of  zinc  in 
the  standard  battery. 

72.  When  the  pieces  of  zinc  were  again  cleaned  with  a  brush  and 
water,  the  hard  piece  was  made  rough  by  a  rasp,  both  were  again 
placed  in  the  diluted  acid  used  in  the  last  experiment.  The  needle 
was  first  defiected  in  the  direction  indicating  the  rasped  piece  to  be 
operating  as  zinc  in  the  standard  battery,  which  was  a  mere  con- 
sequence of  its  superior  brightness,  and  partial  leveling  of  the 
natural  asperities  by  the  rasp ;  for  the  needle  was  immediately 
deflected  the  other  way,  and  after  a  few  oscillations  it  stood  firmly  at 
an  angle  of  15°,  indicating  the  ioft  amavth  piece  to  be  operating  as 
sine  in  the  standard  battery,  or  in  the  same  electrical  chatracter  as  it 
had  done  in  the  former  experiment  with  these  two  pieces. 

78.  The  experiment  was  varied  by  hammering  the  same  piece 
again,  in  order  to  flatten  the  asperities  which  the  action  of  the  add 
had  produced  on  its  surface,  and  afterwards  annealing  it  to  render  it 
soft  and  pliable,  the  other  piece  still  remaining  brittle  and  rough. 

When  placed  in  their  proper  situations  in  sulphuric  acid,  diluted 
with  three  times  its  quantity  of  water,  the  electricity  displayed  was 
as  powerful  as  at  first,  and  precisely  of  the  same  character. 

74.  When  the  acid  is  diluted  with  thirty  or  forty  times  its  quan- 
tity of  water,  the  electricity  displayed  is  much  feebler  than  with 
stronger  acid,  but  the  metals  uniformly  exhibit  the  same  electrical 
character,  and  the  needle  remains  steady  for  a  considerable  time. 

75.  No  one  who  becomes  acquainted  with  these  decisive  results, 
can  imagine  that  the  temper  of  the  metals  had  any  part  in  varying 
their  electrical  relations.  Some  other  cause  must  evidently  exist, 
and  whicbf  1  am  persuaded,  will  be  found  in  the  irregularity  of  their 
surfaces ;  for  it  appears  that  in  whatever  way  the  experiments  are 
varied,  the  piece  which  presents  the  smoothest  surface  to  the  diluted 
acid,  displays  its  electric  powers  in  the  capacity  of  zinc ;  whilst  the 
other  piece  which  presents  an  infinitude  of  asperities,  either  from 
its  natural  texture,  or  by  artificial  preparation,  uniformly  becomes 
of  the  sanse  electrical  character  as  copper  in  the  standard  battery. 

76.  In  a  practical  point  of  view,  we  readily  become  acquainted 
by  these  experiments,  that  there  must  be  a  considerable  diisrerenoe 
in  the  power  of  two  galvanic  batteries  of  equal  size,  when  the  zinc 
employed  in  their  construction  is  in  different  states ;  for  it  is  very 
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evident  that  as  rolled  zinc  operates  very  powerfully  in  the  capacity 
of  zinc,  when  combined  with  another  piece  which  is  cast,  but  neither 
rolled  nor  hammered,  plates  of  rolled  zinc  will  therefore  have  an 
advantage  over  ccLst  plates  when  combined  with  copper  in  the  usual 
way.  Hence,  when  the  galvanic  arrangement  becomes  very  exten- 
sive, amounting  to  several  hundred  pairs,  the  additional  power  ob- 
tained by  employing  rolled  zinc  must  be  very  great  indeed. — Ed. 
Annals. 
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